



V '^■ccession Mo 


de 




THE JOURNAL 

OF 

PHYSICAL CHEMISTRY 


Editor 

Wilder D. Bancroft 


S. L. Bigelow 

F. K. Cameron 

G. H. A. Clowes 
E. C. Franklin 
G. A. Hulett 


Associate Editors 

J. Johnston 
E. Kahlenberg 
W. L. Miller 
J. E. Mills 
T. B. Robertson 


H. SCHLUNDT 
E. P. SCHOCH 
S. .E Sheppard 
H. B. Weisbr 
S. W. Young 


VOLUME XXVI 


ITHACA, N. 1r* 

The Editoh 



MR! 


1922 




CONTUNTS ok VOIvl'MK XXVI 
I JANlfARY 


J. N. Pearce and L. B. Miller, vSomc Colloidal Kiopcrties of I'leistocoiie 



Clays and Their Rearmu nu the Chemi- 
c.ii Theory of the l^ornialion ol Otnn- 



hotil. 

1 

E. 0. Holmes, Jr. and W. A. 

Patrick, 

'i'he Action of 1 Itra- violet Li^ht on (Vels, 

20 

N. A. Clark, 

The Kate of P'orniatioii and the Yield ol 



Yeast in Wort 

42 

S. S. Bhatnagar, 

The Water-piootinK IClllcieney of Sornt Hi 
and Tnvalent Salts of Hijnher Fatty 
Acids and Their Adsorption by the Ibliies 



()f lAiper, 

hi 

F. B. Kenrick, 

The Scattering of Light Note on Wolski\ 



Papei on ()])tically luniily Liquids. 

i ll 

W. H. Martin and S. Lehr- 

man, 

Scattering of Light )>\ Dnst-fiee 



Lujiiids 11 

7o 

New Books, 

2 FKHKl AKY 

so 

P. F. Sharp and R. A. Gort- 

ner. 

Phvsico'chetnical Stiidu s of Stiong and 



Weak Flours, 

nil 

P, C. Alsgaard, 

Klectrolvtie Production of Sodium Pertio- 

late 

1 •>- 

V. Lenher, G. B. L. Smith 

J o t 

and G. G. Town 

The VajHJi Pressuie of Stlennun Owclilor- 



ide. 

l.-.li 

O. W. Brown and C. 0. 

Henke, 

Catalvtic Preparation ot Aniline, 

Ihl 

New Books, 

H MARCH 

Mil 

E. J. Witzemann, 

The Transition from Crystalloid to Colloid 



Properties within Iloinologous vSenes, 

201 

F, H. Getman, 

A vSpcetro])hotoinetiic Stiuh of Solutions of 



Ciiiiric Chloritle. 

217 

L. H. Milligan, 

The Mechanism of the Dehydration of Crys- 
talline Alunununi HvdroMde and of the 
Adsorption of Water hv the Resulting 



Aluiiiina, 

247 

H. W. Smith, 

The Nature of vSecondary Valenci' V. 


0. W. Brown and C. 0. 

Henke, 

Catalvtic Preparation of Aniline TI, 

272 



11 


(\mlniis of Volume XXVI 


W. W. Paddon, 
New Books, 


The Effect of Light on Fibres dyed with a 

Mixture of Chrysaniline and Fuchsine, 288 

292 

I APRIL 


K. L. Wismer, The Pressiire-Voliimi* Relation of vSuper- 


heated Liquids, 801 

W. E. Hughes, vStudies on the hyleetro-deposition of Lead 

Irom Mathers' Perchlorate Bath I, . 310 

C. O. Henke and O. W. 

Brown, Catalytic Preparation of A/oben/ene and 

Aniline, 324 

H, W. Smith, The Nature of tsecondary Valence \’L . 349 

F. W. Bergstrom, The Vapor Pressine of Sulfur I dioxide and 

Ammonia, 358 

F. H. Getman, A Study of the Absorption of flight by Solu- 
tions of Cupric Lithium Chloride, . 377 

tv. W. Paddon, Dyeing of Dcaminaled Wool, 3S4 

New Books, 390 

5. MAY 

H. B. Weiser, Hydrous ( )\idcs 111. 401 

J. C. Witt, Tile f Kidatiou ol ( )\alic Acid in the Absence 

ol ( >th<*r Ai ids, 435 

Wilder D, Bancroft, Mordants I, 447 

W. H. Martin, The Relation between Light Absorntion and 

T.iglit vSeattering foi Liquids, . 471 

O. W. Brown, S. V. Cook 

and J. C. Warner ICffect of (hinding upon the Aiipaieiit Den- 
sity of Lead ( )\ulcs, . . 477 

R. P. Sanyal and S. S. Joshi, The Formation of a Water-in ( )il Type Emul- 
sion by the Concentration of the Oil 
Phase, 181 

New Books, 4S7 


0 JUNE 

Wilder D. Bancroft, Mordants TI, . 501 

Arne Westgren and Josef 

Reitstotter, On the Coagulation of Colloids, . 537 

J. B. Ferguson, The Melting Interval of Certain Under- 

cooled Liquids with a Note on the Use of 
Liquid Air as a Reingeranl, . 549 

B. S. Neuhausen, The vSohibihty of Gases in Liquids, . 553 

R. B. Elder, Note on the Measurement of Surface Ten- 
sions, . . .558 

J. F. G. Hicks with Wallace 

A. Craig, Relations in Fused Salt Media 11, . . 503 

A. T. Rabinovich, On the Conductivity of the Latent Tnuige . 577 

New Books, .iPl 



Contents of Volume XXVI iii 

7. OCTOBER 

M. L. Huggins, Electronic Structures of Atoms, . 601 

J, B. Ferguson, The Melting and Freezing Point of Sodium 

Chloride, ..... 620 

C. O. Henke and O. W. 

Brown, Catalytic Preparation of Azobenzene and 

Aniline. II, . . . 631 

£. Q. Adams, The R61e of Hydrogen- and Hydroxyl-Ion 

Diffusion in Nerve and Muscle Ac- 
tion, ...... 639 

W. O. Robinson, The Absorption of Water by Soil Colloids, . 647 

H, B. Weiser, Hydrous Oxides. IV 654 

New Books, 687 

8. NOVEMBER 

P. B. Ganguly and N. R. 

Dhar, Coagulation of Manganese Dioxide Sol by 

Different Electrolytes, . . 701 

O. W. Brown and C. O. 

Henke, Catalytic Action of Copper, . . . 715 

O. F. Tower and Martha C. 

Cooke, On the Preparation of Colloidal Solutions of 

Nickel and Cobalt Hydroxides and Some 
Other Compounds of these Metals, 728 

Wilder D. Bancroft, Mordants. Ill, ..... 736 

Neil £. Gordon and £. £. 

Reid, The Solubility of Liquids in Liquids, . . 773 

W. W. Paddon, The Mordanting of Wool with Potash 

Altim, ...... 790 

New Books, 794 

9. DECEMBER 

R. H. Bogue, Hydrogen-ion Concentration and the Prop- 
erties of the Emulsion Colloids, . .801 

J. G. Thompson, The Preliminary Study of Zirkite Ore, 812 

M. L. Huggins, Boron Hydrides, .... 833 

P. B. Ganguly and N. R. 

Dhar, Adsorption of Ions by Freshly-precipitated 

Manganese Dioxide, . . . 836 

T. R. Briggs and A. W. Bull, The Physical Chemistry of Dyeing, 845 

F. W. Bergstrom, The Boiling Points of Ammonia, Sulfur 

Dioxide and Nitrous Oxide, 876 

New Books, 895 

Name Index, ^01 

Index to New Books, ^04 

Subject Index, 006 




SOME COLLOIDAL PROPERTIES OF PLEISTOCENE 
CLAYS AND THEIR BEARING ON THE CHEMICAL 
THEORY OF THE FORMATION OF THE GUMBOTIL 

BY J. N. PEARCE AND L,. B. MILLER 

In a paper on “The Origin of the Gumbotil,’’ Kay and 
Pearce* have presented the geological evidence for and the 
chemical theory of the formation of the gumbotil from the 
original glacial drift material. The present paper deals with 
some of the colloidal properties of the gmnbotil and of its re- 
lated strata. In order to define clearly the object of this work 
and to bring out the relations involved it will be necessary to 
discuss briefly both the geological evidence and the chemical 
theory proposed in the original paper. 

A study of the glaciated regions of the United States 
shows that during the Pleistocene age five great glaciers have 
moved southward over what now constitutes the North Cen- 
tral States. These are known as the Nebraskan, the Kansan, 
the Illinoian, the Iowan, and the Wisconsin. Since all five of 
these are exposed to view in Iowa, this state offers an exceed- 
ingly favorable place for the study of glacier drifts, their 
orientation, their materials. As each glacier advanced from 
the North it gathered up and carried southward vast amounts 
of rock material which varied in nature from huge granite 
boulders to rock flour, some clays and former soil. This south- 
ward movement was halted at those points where the melting 
of the ice kept pace with the advancing glacier. In time the 
temperature of the whole region rose, the ice melted, the 
glacier receded and this rock debris was deposited in the form 
of broad, deep, and comparatively level plains. 

Between the recession of one ice-sheet and the on-coming of 
the second there were long interglacial periods during which 

^ Jour. Geology, 28, 89 (1920). 

Not^: G. F. Kay, Professor of Geology and Dean of the College of 
Liberal Arts, The State University of Iowa* Director of the Iowa Geological 
Survey. 
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a soil was formed, a flora developed and a fauna appeared. 
In time erosion began and continued with the development of 
a new topography. 

The succeeding glacier bearing down upon this surface, 
razed the hills and filled the valleys, and on melting laid down 
another deep deposit of rock material. The process of soil 
formation and the development of plant and animal life began 
again. 

An extensive field study of these glaciated regions by Kay' 
has shown that the three older drifts, viz., Nebraskan, Kansan 
and Illinoian, are uniformly alike in structure and conformity. 
These similarities are best observed, in section, in deep recently 
made railroad cuts. 

When erosion has not been too severe and the parts re- 
main in place these drifts show five distinct strata. The top 
stratum, which lies just below the soil, consists of a loess, a 
wind-blown material, or of a loess-like clay, possibly related 
to the drift. The second stratum is that commonly known as 
the gumbo. This is a “gray to dark colored, thoroughly 
leached, non-laminated, deoxidized clay, very sticky when 
wet, very hard and tenacious when dry . ’ ’ Below the gumbo is a 
narrow stratum of a yellow to chocolate colored clay, containing 
a few siliceous pebbles and sand lenses, but leached with re- 
spect to calcium and magnesium. This narrow, oxidized- 
leached stratum is always found just below the gumbo and, 
except for the color, they appear to be closely related. The 
fourth stratum is a yellow oxidized-unleached clay. It con- 
tains many pebbles and small boulders, and also many cal- 
careous concretions due to infiltration from above. The 
bottom layer is the unoxidized-unleached, unweathered orig- 
inal drift material. 

The two yellow clays have, I believe, always been con- 
sidered a part of the drift. Opinion as to the origin of the 
gumbo has been varied. Teverett* favored the view that 


* Bull. Geol. Soc. Amer., 27, lli>; Iowa Geological Surv., 26, 216 (1917). 
“ U. S. Geol. Surv., Monograph, 38, 28 (1899). 
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the gumbo is the result of aqueous deposition following the 
submergence of the region. Bain^ presents the view that the 
gumbo suggests a quiet water deposit which has been com- 
pacted or puddled by water. A somewhat similar view is 
held by Arey.“ Udden'* states that it is probably an old 
loess which has been clogged by the interstitial deposition 
of fine ferruginous material through the agency of ground 
water, or perhaps, a fluviatile deposit made at a stage of semi- 
stagnant drainage. 

As the result of an extensive field study Kay has been 
lead to the conviction that this so-called gumbo is in reality 
a part of the original drift, — ^that it is the residuum left after 
the complete weathering and leaching of the drift materials. 
In order therefore that the name might the more explicitly 
suggest both its origin and its relation to the drift, he has 
preferred to call it the ‘‘Gumbotil.^’^ 

This new theory regarding the formation of the gumbotil 
involves the assumption that, following the laying down of 
each original drift a very long period elapsed during which 
chemical weathering and leaching took place; that the upper 
layers arc the residua left by these processes. After these 
processes had continued for a long time diastrophic movements 
occurred, erosion began and then continued until the general 
topography existing at the ends of the interglacial periods had 
been developed. 

Field Evidence Supporting the Theory 

In any cut showing all of the five strata in place these 
points may be noted. The lines of demarkation between any 
two strata do not conform to the shape of the hill, but run di- 
rectly and almost horizontally to the edge of the hill upon both 
sides. Considering any two adjacent cuts, it will be observed 
that the lines of demarkation are symmetrically placed, the 

^ Iowa Geol. vSurv., 18, 292 (1907) 

2 Ibid, 20, 511 (1909) 

3 Ibid ,11, 258 (1900). 

4 Science, 44, 037 (1910). 



4 


J. N. Pearce and L. B. Miller 


continuity being broken only by the valley between. Except 
at the boundary between the oxidized-leached and the oxidized- 
unleached strata, the surfaces of separation are not as distinct 
as they would be, if one stratum were laid down directly upon 
another. They dove-tail, so to speak, into each other, and in 
these dove-tailings we may follow the processes of weathering 
and oxidation. 

The variation in the size of the pebbles offers strong evi- 
dence in support of the theory. The pebbles found are 
quartz, chert, flint, quartzite, granite, basalt and greenstone, 
feldspar, sandstone, etc., the proportions of each in any pebble 
count decreasing in the order named. This, however, is prac- 
tically the reverse of the order of their hardness and solubility. 
In the upper loess-like clay the pebbles are exceedingly rare 
and very minute. Passing downward through the gumbotil 
and the oxidized-leached strata the pebbles gradually increase 
not only in frequency, but also in size. In the oxidized- 
leached stratum we frequently find the disintegrated remains of 
huge granite boulders. They consist chiefly of fine sand grains ; 
they are the residue left after all of the soluble weathered ma- 
terial has been leached away. In the oxidized-unleached 
stratum and in the original drift material they are often mas- 
sive in size, but they still retain their original form and struc- 
ture. 

The Role of Water in Geo-Chemieal Changes 

The dominant factor in all the geo -chemical changes 
here involved is water,— more especially the aerated rain- 
water. When rain falls upon the ground one part, the “run- 
off,”* flows over the surface and escapes. This is the cause 
of erosion. A second part, the “fly-off,” immediately evap- 
orates into the air. A third part, the “cut-off,” enters the soil 
and, moving downward with considerable speed, carries with 
it the dissolved mineral matter. Of these the cut-off water 
is the only form which is directly effective in soil formation 
and in the theory of the formation of the gumbotil. 

‘ Cameron; Jour, Phys. Chem., 14 , 340 (1910). 
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When a relatively small quantity of water is added to a 
dry solid or soil the water spreads over the surface in the form 
of a film. With addition of water the apparent volume of 
the solid increases until a maximum is reached. Still further 
additions of water will not increase the thickness of this water 
film, but will produce free-water in the soil interstices, and 
in some cases this often leads to puddling. 

The film-water is held tenaciously by the soil particles. 
In dry seasons it is practically a saturated solution of the dis- 
solved rock and soil materials. When the surface becomes 
flooded, as in wet seasons, or during heavy rains, the free- 
or cut-off water in its downward movement extracts and car- 
ries away a part of the mineral content of this film-water solu- 
tion. Once the free water is removed, the saturation of the 
film repeats itself. In this water are the dissolved rock ma- 
terials, the carbon dioxide, oxygen, nitrogen, humus material 
and the soil bacteria. Between these are evolved all the 
processes leading to the disintegration of the rocks and the 
formation of the soil and its sub-strata. 

The rock materials transported by the glaciers were of 
igneous origin, viz., feldspars, amphiboles, pyroxenes, micas, 
quartz, some clay and other previously weathered materials. 
These are silicates, salts of a very weak acid, — silicic acid, 
with various base-forming elements, the alkalies, calcium, 
magnesium, iron and aluminum. Like all salts of strong 
bases and weak acids, these silicates when dissolved hydrolyze 
to form the free ionized .bases, — the hydroxides of sodium, 
potassium, calcium and magnesium, some iron and either the 
free un-ionized silicic acid, or some simpler silicates. The 
latter will in turn continue to hydrolyze and there will result 
still other products, and in the end simpler silicates, perhaps 
kaolin, or even silica as sand or quartz. 

If the reaction products are not removed by leaching, a 
state of saturated solution equilibrium is attained and the so- 
lution process ceases, tinder these conditions the decompo- 
sition products from different sources may react with each 
other to form more or less complex silicates of a secondary 



6 


J. N. Pearce and L. B. Miller 


origin. Let the saturated solution be removed and fresh 
water added, the various solution equilibria are disturbed 
and the solution processes begin again. 

In the soil solution thus formed, the dissolved materials 
will at the proper concentrations react with the carbon dioxide 
of the soil atmosphere to form the soluble, highly ionized, 
carbonates of sodium and potassium, and the soluble acid 
carbonates, or the insoluble carbonates of calcium and mag- 
nesium. The insoluble carbonates crystallize out as the 
calcareous concretions so frequently found in the clay sub- 
soils. In the presence of a sufficient excess of carbon dioxide 
the insoluble carbonates pass into the form of the soluble 
acid-carbonates and are leached away by the downward 
moving free-water. Ferrous silicates upon hydrolysis give 
ferrous ions. These react with the ions of the soil solution 
to form the relatively slightly soluble ferrous hydroxide or 
carbonate, or, as is more likely the case, they may be oxidized 
immediately to ferric ions and then precipitated as the insol- 
uble ferric hydroxide. The aluminum remains for the most 
part in the form of silicates. The soil solution contains other 
elements and compounds, but their proportions are rela- 
tively slight and subject to considerable variation. The con- 
sideration of these is not needed in this paper. 

In summarizing, we may divide the mineral matter of 
the soil solution into two classes. The more easily diffusible 
are the soluble alkali bases and salts, the soluble acid-carbon- 
ates of calcium and magnesium, the slightly soluble ferrous 
compounds and the semi-colloidal sodium and potassium sil- 
icates. The less easily diffusible are the colloidal forms of 
gelatinous silicic acid, the hydrated silicates and the hy- 
drated ferric oxide. 

According to Julien' the solvent action of the alkaline soil 
solution and of the humic acids, aided by the abrasive effects 
of the earth’s displacements, slowly but surely transforms the 
quartz pebbles into colloidal silica. Under the influence of 

* Proc. Am. Assoc. Adv. Sci., 1879, 311. 
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the decaying organic matter the ferric compounds are reduced, 
temporarily at least, to ferrous compounds. While the ex- 
istence of ferrous compounds in contact with the soil atmos- 
phere must obviously be a short one, the alternate oxidation 
and reduction permits the slow downward transportation 
of the iron. The decomposition of the aluminum silicates 
leads ultimately to the formation of the colloidal hydrated 
aluminum silicates. These are the most complex, most re- 
sistant, the least soluble and the least mobile of all of the 
decomposition products produced by the disintegration of 
the silicate rocks. It is obvious, therefore, that the aluminum 
compounds will not be subject to appreciable removal by 
capillary flow. 

Hence, in the leaching of the weathered products of the 
original glacier drift material we should expect to find a gradual 
increase in the proportion of the soluble diffusible materials as 
we pass downward from the surface. On the contrary, con- 
ditions permitting, we should expect to observe a gradual 
decrease in the proportion of alumina. These relations are 
exactly what we do find from the results of a series of chemical 
analyses of a series of strata in any single complete cut. 

Chemical Analyses of the Clays 

The samples of clay used for analysis were taken from 
deep and recently made railroad cuts. Each sample was 
taken from the middle of the stratum and from the bottom 
of deep holes dug horizontally into the side of the cut. This 
latter precaution was taken in order to avoid as far as pos- 
sible any contamination due to surface water. The air-dried 
samples were carefully powdered, without grinding, and sifted 
through a clean dry 20-mesh copper sieve. Since we are chiefly 
concerned with the weathered material only, the arbitrary 
choice of a mesh of this size gives us a uniform standard for 
the uniform fineness of the glacier flour for all clays. 

The sifted material was then ground in an agate mortar 
until every trace of it passed through a 100-mesh sieve. It 
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was then thoroughly mixed on a mixing cloth and preserved 
in glass-stoppered bottles. 

All of the analyses were made exactly as prescribed by 
Hillebrand in his classic work on “Carbonate and Silicate 
Analysis.” Since we are concerned only with the less mobile 
constituents no attempt was made to make a complete analysis 
of any stratum. The results are given in two forms: (o) the 
percentage composition with respect to the less mobile constit- 
uents, {b) the parts by weight of these constituents per 100 
parts of the more resistant AI2O3. 

Only the analyses of the samples taken from the locali- 
ties at “A,” “B,” “C” and “D” will be reported in this paper. 
They represent the three older drifts and are typical of the 
many analyses made. 

The three localities “A,” “B” and “D” show the gum- 
botil underlying the loess or loess-like clay and covered by a 
thin layer of soil. At “C” the Nebraskan gumbotil lies below 
the soil with no intervening loess or loess-like clay. The loess 
or loess-like clay are of great interetst but are not being con- 
sidered except incidentally in this paper. In places these 
materials are clearly eolian in origin. In other places the 
loess-like clay may be closely related in origin to the gum- 
botil. The presence of loess or loess-like clay above the gum- 
botil might be expected to have some slight effect upon the 
present chemical composition of the gumbotil, and in fact may 
explain the few percentages in the analyses which might seem 
to contradict the theory proposed. 

It is assumed that the composition of the flour of the 
unoxidized and unleached till is now the same as when laid 
down by the glacier. The possibility exists, however, that it 
may have received a small amount of leached material from 
above, or that it may have lost to the strata above by capillary 
flow slight quantities of the more easily diffusible dissolved 
materials. It is not to be expected that its composition will 
be similar to that of the overlying materials which have been 
subjected to marked chemical changes, to leaching, or to 
infiltration. 
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Table I 


A. Chemical Analyses of Samples of Kansan Drift Materials taken 
in Monroe County, Near Foster, Iowa 



(a) Percentage composition 

vSi02 

FesO, j 

AI 2 O 3 1 

CaO 1 

MgO 

Gumbotil (Kansan) 

72.03 

■1.18 

12.27 

1 :ki 

2.29 

Glacial till, 






oxidized-leached 

73 11 

4.02 

11.57 

1 .00 

2 50 



ib) Parts 1 

per UJO parts AljO^ 



SiOa 1 

1 Fe-iOj i 


CaO 

MgO 

Gumbotil (Kansan) 

587.0 

34.10 

100.0 

10.84 

18.08 

Glacial till, 






oxidized-leached 

031.0 

39.92 

100.0 

14 35 

22.18 


Table II 

B. Chemical Analyses of Samples of Kansan Drift Materials taken 
in Clarke County, near Murray. Iowa 



(a) Percentage composition 


Si 02 

j Ke^Os 

AI 2 O 3 

1 CaO 

1 MgC) 

Gumbotil (Kansan) 

70.40 

4.17 

12.04 

1.21 

0 . 55 

Glacial till, 

oxidized-leached 

71 .84 

* 4.02 

10.80 

1.29 

0.72 

Glacial till, 

oxidized-unleached 

08.50 

4.40 

11 13 

4 4S 

0 79 



(b) Parts 

per 100 parts AI 2 O 3 



SiOj 1 

Ke203 1 

AI 2 O 3 1 

CaO 1 

MgO 

Gumbotil (Kansan) 

585.2 

34.7 

100.0 

10.05 

4.57 

Glacial till, 
oxidized-leached 

001.5 

42.5 

100.0 

11.87 

6.66 

Glacial till, 
oxidized-unleached 

016.0 

39.5 

100.0 

40.30 

7.16 
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Tablb III 

C. Chemical Analyses of Samples of Nebraskan Drift Materials 
taken in Carroll County, Near Manning, Iowa 



{a) Percentage composition 


SiOa 

j FC 2 O 3 

AI 2 O 3 

1 CaO 

1 MgO 

Gumbotil (Nebraskan) 
Glacial till, 

71.59 

4.35 

12.79 

1.26 

0.93 

oxidized-leached 
Glacial till, 

6() . 85 

5.02 

11.05 

3.67 

0.78 

oxidized-unleached 

()().52 

4.80 

11.18 

4.28 

1.43 


ih) Parts per 100 parts AI 2 O 3 


SiOs 

FejOs 1 

AUO, 1 

CaO i 

MgO 

Gumbotil (N ebraskan) 
Glacial till. 

559.7 

34.0 

100.0 

0.00 

7.31 

oxidized-leached 
Glacial till. 

573 . s 

50.7 

100.0 

31.51 

0.71 

oxidized-unleached 

594.5 

42.0 

100.0 

38.30 

12.81 


Table IV 

D. Chemical Analyses of Samples of Illinois Drift Materials taken 
in Lee County, near Fort Madison, Iowa 



(a) Percentage composition 


Si(h 1 

1 FesO, 1 

AhOs 

1 CaO 

1 MgO 

Gumbotil (lllinoian) 

71.07 

4.24 

14.01 

0.79 

0.85 

Glacial till. 


ft 




oxidized-leached 
Glacial till, 

72.24 

7.43 

11.65 

0.61 

0.95 

oxidized-unleached 

72.30 

3.47 

8.59 

4.13 

1.28 


(b) Parts per 100 parts AljOs 


vSiOj 

Fe 203 

AbOs 

CaO 

MgO 

Gumbotil (lllinoian) 
Glacial till. 

476.0 

28.44 

100.0 

5.34 

5.68 

oxidized-leached 
Glacial till, 

620.1 

63.80 

100.0 

5.26 

8.22 

oxidized-unleached 

841.2 

40.39 

100.0 

48.10 

14.95 
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A study of Tables I to IV will bring out several interesting 
facts. In all of the series here represented the percentage of 
decreases downward from the gumbotil through the 
oxidized and leached stratum. Except in the case of “B” 
(Table II), this decrease continues also through the oxidized 
and unleached stratum. 

Table V 


Comparative Analyses of Strata from Various Localities and Drifts 


Locality 

A 

B 

c 

D 


vSiOs 

Gumbotil 

72.03 

70.40 

71.59 

71.07 

Glacial till, oxidized-leaclied 

73.11 

71 84 

00.85 

72.24 

Glacial till, oxidized-unleached 


08 . 50 

00.52 

72.30 


FeaOa 

Gumbotil 

4. IS 

4.17 

4.35 

4.24 

Glacial till, oxidized-leached 

4.02 

4.02 

5.92 

7.43 

Glacial till, oxidized-unleached 


4.40 j 

4.80 

3.47 


AI2O3 

Gumbotil 

12.27 

12.04 

12.79 

14.91 

Glacial till, oxidized-leached 

11.57 

10.80 

11.65 

11.65 

Glacial till, oxidized-unleached 


11.13 

11.18 

8.59 


CaO 

1 

Gumbotil 

1.33 

1.21 

1.20 

0.79 

Glacial till, oxidized-leached 

1.00 

1.29 

3.07 

0.01 

Glacial till, oxidized-unleached 

i 

4.48 

4.28 

4.13 


MgO 

Gumbotil 

2.29 

0.55 

0.93 

0.85 

Glacial till, oxidized-leached 

2.50 

0.72 

0.78 

0.96 

Glacial till, oxidized-unleached 


0.79 

; 1 .43 

1.28 


Perhaps the most important evidence in favor of the 
leaching theory is to be gained from a study of the relative 
proportions of CaO and MgO in the various horizons. In 
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practically every series the proportions of these two constitu- 
ents show a pronounced increase downward. Apparent con- 
tradictions for both might be considered for MgO in Table III 
and for CaO in Table IV. Field relations will show in these 
instances either that the gumbotil is overlaid by material con- 
taining a higher proportion of these constituents, or that ero- 
sion began before the leaching process in the gumbotil was 
completed. Assuming that the loess or the loess-like clay is 
a subsequent formation, it also will have been leached of 
some of its CaO and MgO. This means a slight increase in 
the proportions of these two in the stratum below, the leaching 
of which has not been completed. 

The silica and the iron are less diffusible and hence less 
subject to leaching than are the carbonates of calcium and 
magnesium, and a much longer time is required for complete 
leaching. In every instance the proportion of iron in the gum- 
botil is less than it is in the oxidized and leached stratum 
just below. Except for the case of the Nebraskan (Table 
III) , the proportion of Si02 is greater in the oxidized and leached 
stratum than in the gumbotil. It should be observed that the 
Nebraskan at the locality “C” underlies the Kansan, and the 
apparent discrepancy may be accounted for in the trans- 
fusion of the alkaline silicates from the Kansan into the upper 
strata of the Nebraskan below. On the basis of parts per 100 
parts of AI2O3 not only CaO and MgO but also Si02 show dis- 
tinct evidence of leaching even in the oxidized and leached 
stratum, and this is true for practically every series. On 
the same basis the evidence points to a leaching of the iron 
into the oxidized and leached stratum from gumbotil, but the 
time allowed was not sufficiently long for the subsequent 
leaching of the iron from the oxidized and leached stratum 
into the one below. 

The Leaching Process 

We are now in a position to picture the weathering and 
leaching processes as they occurred long ago. The oxygen- 
ated and carbonated water falls upon a uniformly level. 
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more or less uniformly constituted, blue to blue-black drift. 
Percolating downward it dissolves a portion of the rock ma- 
terial. Hydrolysis follows, and there are liberated successively 
the hydroxides of sodium or potassium, then of calcium or 
magnesium, and finally the more or less difficultly soluble hy- 
droxides of ferrous and ferric iron, depending on the nature of 
the iron in the original silicate. The ferrous iron throughout 
the depth penetrated by the dissolved oxygen is immediately 
oxidized and the deposit assumes the typical iron color of the 
yellow clays. 

The calcium and magnesium hydroxides combine with 
the carbon dioxide of the soil atmosphere to form the insol- 
uble carbonates which crystallize out as calcareous concretions. 
The soluble alkalies and their salts and the alkaline silicates 
are carried downward by the moving free water. The nega- 
tive colloidal silicates and the silicic acid are coagulated and 
rendered motionless by the electrolytes of the -soil solution. 
As hydrolysis proceeds the mass of the insoluble material thus 
formed increases and probably does continue to increase until 
all of the easily available, hydrolyzable materials are used up 
or removed. 

Obviously those insoluble materials which are most easily 
attacked will be the first to be leached away. These are the 
carbonates of calcium and magnesium. Although only very 
slightly soluble, the dissolved portions of these combine with 
the carbonic acid of the soil solution to form the soluble acid- 
carbonates. These are carried downward to lower levels 
where in fissures and crevices they again crystallize as irreg- 
ular concretions. In this way were formed all of those con- 
cretions which are fouhd in the oxidized stratum. 

According to the Law of Mass Action, the activity, or the 
solvent effect of the carbon dioxide will be greatest at those 
points where its concentration is a maximum. This ob- 
viously will be at the upper level of the initially unleached 
calcareous zone. Owing to its diffusion power some of the 
carbon dioxide may escape combination at the upper level 
only to combine at a slightly lower level. Ultimately there will 
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be a lower limit beyond which the carbon dioxide entering 
from the atmosphere will not penetrate, or its concentration 
in the soil solution will be too slight to produce any appreciable 
chemical effect. These limits of maximum and minimum ac- 
tivity represent the boundaries of the dynamic zone of car- 
bonic acid activity — ^the oxidized and leached stratum . As time 
goes on the concentrations at the upper level disappear, and 
the levels of maximum and minimum activity move down- 
ward simultaneously. 

This dynamic zone has played an important r61e in all 
drift transformations. It spreads horizontally like a thin 
sheet of more or less uniform thickness. It is found always 
directly upon the oxidized-unleached stratum and always 
directly below the gumbotil. In the Nebraskan drift it is 
thin, less than two feet to somewhat more than four feet. 
The oxidized-leached stratum of the Kansan drift averages 
about five feet, attaining in a few places a thickness of seven 
feet. That of the Illinoian has an average thickness not to 
exceed six feet. In the Iowan it has reached a maximum of 
three and one-half feet, yet in those areas where the Iowan has 
been exposed it has not yet left the surface. The Wisconsin 
drift shows no leached stratum at any point. The original 
granite boulders of this glacial drift lie directly upon the ox- 
idized-unleached material. Our assumption is that the time 
which has elapsed since the laying down of the Wisconsin has 
not been sufficiently long to permit these changes. The areas 
of Iowa covered by the Wisconsin are so flat and level that even 
the drainage channels already formed are insufficient to carry 
away the excess surface water. There is, therefore, a rela- 
tively large excess of cut-off water: the existing conditions 
favor leaching. Hence, we may safely assume that if the 
present existing conditions continue sufficiently long, this 
drift also will show not only the oxidized-leached stratum, 
but also, possibly, the gumbotil lying on top of it. 

This downward movement of the oxidized-leached zone 
did not cease until after disatrophic movements had occurred. 
Then erosion began and, instead of percolating downward, the 
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falling aerated rain-water escaped over the surface. 

After the leaching of the calcium and magnesium -per- 
haps simultaneously — there follows a second step. When the 
concentrations of the precipitating ions have been leached be- 
low their critical coagulating values new processes occur 
within the leaching zone. The coagulated iron passes into 
solution either as colloidal ferric hydroxide by peptization or 
deflocculation by the emulsoidal humus material, or as ferrous 
compounds through reduction by organic matter. Thus either 
by colloidal flow, by alternate reduction and oxidation, or 
through the medium of its slightly soluble salts, the iron 
is leached and slowly passes downward. The silica either 
in the form of the colloidal silicic acid or as the soluble alkaline 
silicates also moves downward. Likewise, through various 
peptizing influences the colloidal clays begin to swell and de- 
flocculate. Ultimately some of these pass into suspension 
of colloidal particles; they are also caught in the downward 
current and carried by it to lower levels where they are again 
coagulated. Only a slight amount of this material is leached 
away,* 

The properties of the gumbotils are largely those which 
one might predict from a knowledge of the colloidal chemistry 
of clays. The characteristic color changes of the gumbotil are 
those imparted to it by the colloidal clays, perhaps by the 
kaolin contained in it, the color of the colloidal material being 
sufficiently strong to mask the reddish yellow color of any 
oxidized iron which may be present. This doubtless is re- 
sponsible for the belief held by some that the iron in the gum- 
botil is deoxidized or reduced, a condition which could hardly 
be possible in the presence of the oxygenated soil solution. 

The chemical analyses of the gumbotils from different 
drifts and localities show, with respect to certain constituents, 
a striking similarity. This is especially true for the iron and 
the silica and, as we might expect, for the calcium. Slight 

' Note: The writer is well aware of the extremely slow diffusion speeds 
of colloids. To transport appreciable quantities of such material would require 
long periods of time. These we have when we count time by geological periods. 
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fluctuations may be expected due to differences in the original 
rock materials, to the amount of rain-fall, or to leaching from 
above. It may be concluded, therefore, that all gumbotils 
have a common origin, viz., “the chemical modification by 
weathering of the glacial till.” 

Furthermore, the chemical analyses, as arranged in Table 
V, show a slightly less striking similarity between the gumbotil 
and the yellow oxidized and leached clay just below. Natur- 
ally one should expect to find a slightly greater concentra- 
tion of the diffusible material in the leached zone. One 
should expect also to find a slight variation in the propor- 
tion of any one constituent between the top and the bottom 
of any single zone. Each level in any single stratum is still 
slightly unleached with respect to another level close to and 
above it. 

The proportions of most of the constituents present in the 
oxidized-leached and gumbotil strata differ in most cases by 
only a few tenths of one percent. When greater deviations 
than this occur it can be shown by field observations that one 
or more of the upper strata have been removed before the 
leaching process was completed. The distinguishing features 
between these two strata are, therefore, due primarily to 
differences in the physical properties, and these properties are 
chiefly the colloidal properties of the clay itself. It is pos- 
sible that two forms of the same material are here being dealt 
with, namely, the gumbotil, a highly colloidalized form, and 
the oxidized-leached material, the non-colloidalized form, 
which in the presence of certain electrolytes is incapable of 
assuming certain colloidal properties. 

Some Colloidal Properties of These Glacial Clays 

In what has preceded we have attempted to give a chemi- 
cal explanation of the origin of the gumbotil. The theory 
proposed has been substantiated by the results of chemical 
analyses. According to this theory we should expect to find 
a more or less pronounced increase in the coUoidality of the 
clay of any drift sheet as we pass upward from the lower strata. 
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To test this point Mr. Miller has made a rather extensive 
study of certain colloidal properties. 

Since the properties of colloids are primarily siu-face 
properties any process which would determine the extent of 
surface development may be considered a measure of the 
colloidality of the material. Keppler' has found that the 
hygroscopicity of clays varies in the same order as their plas- 
ticity. Ashley® states that when clays are classified according 
to their colloidal content they are also classified according to 
their plasticity. He has also studied the adsorptive power 
of clays for certain dyes and he has found that the adsorption 
of dyes by clays furnishes a means of measuring the relative 
specific surface of the clays. 

We have used the measurements of hygroscopicity and 
adsorptive power for dyes as a means of determining the rel- 
ative surface development of the various strata of Pleistocene 
clays produced by the weathering and leaching process. 

The clay samples used throughout this work were from the 
same original samples as those used for the analyses above. 
Unfortunately some of the original samples were entirely used 
up in the previous work, thus leaving a lack of continuity in 
the data from .some localities. It was thought better however 
to work with the incomplete set of samples rather than to ob- 
tain fresh samples of the missing strata upon which no chem- 
ical analyses had been made. 

Ppeparation of the Clay Samples 

In order to reduce the clays to a condition of uniform 
fineness and homogeneity about one pound of each clay was 
stirred into a large volume of water; the lumps were broken 
up by gently rubbing between the fingers and the whole mass 
was then washed through a 200-mesh sieve. For all clays 
used only a very small amount of each sample failed to pass 
through the sieve during this treatment. An excess of 1 N 
hydrochloric acid was then added to destroy any carbonates 

' Sprechsaal, 46 , 445 (1912). 

* Bull. U. S. Geol. Survey. No. 388. 
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which might be present. After stirring vigorously for some 
time the day suspension was allowed to stand for twenty-four 
hours, during which sedimentation became complete. The 
supernatant liquid was then removed as completely as pos- 
sible by means of a siphon filter, more water was added, the 
clay was vigorously stirred and then allowed to stand for 
another twenty-four hours, when the liquid was siphoned as 
before. This procedure was continued until the filtrate 
gave only a very slight opalescence when tested for chlorides. 
At this point the spontaneous dispersion of the clay made it 
impossible to wash further without the loss of some suspended 
colloidal material. The clay was then filtered with the aid 
of suction through a hardened filter, the small portions of the 
material which passed through in the first filtrates being 
refiltered through the mass until the filtrate became clear. 
The clay was then sucked as dry as possible and the drying 
completed in an electric oven at 110°. ITie dried material 
was carefully reduced to a fine powder without rubbing and 
then carefully mixed on a mixing elolh to insure homogeneity. 

Hygroscopicity Measurements 
As here used hygroscopicity is a measure of the power of 
the clay to absorb water from the atmosphere. Three five- 
gram samples of each clay were accurately weighed into tared 
glass-stoppered weighing bottles and heated at 110° until 
successive weighings of each sample checked to ^0.0015 gram. 
This corresponds to an error of about ±0.0,3 percent on the 
basis of the weight of clay taken, a closer check being impos- 
sible since the hygroscopic tendency of the clays varied greatly 
from day to day with changes in the humidity of the atmos- 
phere. The weighed samples were then placed in the vapor 
from a large volume of 10 percent sulphuric acid contained 
in a large sealed jar immersed in a large Freas water-thermo- 
stat and kept constantly at 25° ±0.005. The dilute sulphuric 
acid was used since its lower vapor pressure prevents the for- 
mation of droplets on the inner walls of the vessels con tainin g 
the clay. The sample was then allowed to take up water va- 
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por until the change in the weight of the sample between suc- 
cessive readings taken on every second day became negligibly 
small. 

The results of the hygroscopic determinations are given 
in Table VI. In the first column are the various drift strata 
arranged in the order of their occurrence in the drift. The 
remaining columns represent the hygroscopic water for the 
various samples taken from localities A, B, C, etc., each ex- 
pressed in percentage by weight of the dried clay. 

Table VI 


The Hygroscopicity of Certain Pleistocene Clays 


Locality 

i A 

B 

1 C 

D 

E 

Gumbotil 

11.7 


11. () 

i:i 05 

12.33 

Oxidized-leached 

7 () 

10. ()3 


11.10 


Oxidized-unleached 


9.05 

8.8 

9.80 


Unoxidized-unleached 


().(3.3 





The blank spaces occurring at the bottom of the vertical 
columns indicate that for these localities these strata were 
not exposed. When the blank space occurs at the top, as in 
B, that stratum has been entirely eroded away. The remain- 
ing samples in E were entirely used in the former research. 

A survey of the data obtained for any locality shows a 
gradual decrease in the hygroscopicity of the clays as we pass 
from upper to lower strata. This would indicate for the gum- 
botil, as predicted, a greater surface development, i. e., a 
greater specific surface. A, B and C represent three widely 
separated localities in the Kansan. The gumbotils at A and 
C show nearly identical hygroscopic powers. These values 
are slightly less than the corresponding values for the Nebras- 
kan (D) and the Illinoian gumbotil (E). The high hygro- 
scopicity of the oxidized-leached stratum (B) is to be accounted 
for by the fact that the upper stratum has been removed and 
colloidalization has proceeded even after erosion has taken 
place. The samples of the oxidized-unleached material from 
different localities exhibit very similar hygroscopic properties. 
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Total Water Capacity 

The total water capacity as here used is the number of 
grams of water which when added to one gram of clay is just 
sufficient to cause it to flow. Ten-gram samples of each clay 
were placed in large flat tared weighing-bottles, each con- 
taining a small glass stirring rod. Each sample was then 
heated to constant weight at 110°. Water was then added drop 
by drop from a burette, with careful stirring of the clay, until 
a furrow made by the glass rod immediately filled with clay and 
water, i. e., until the clay ran. The bottle was tightly stopped 
wiped clean, then placed in the balance case for a time and 
finally weighed. A part of the water was allowed to evaporate 
from the clay and the former procedure was repeated until 
three successive readings did not differ by more than ±0.04 
percent. This corresponds to an accuracy of one small drop of 
water, or a mean variation of about 0.4 to 0.8 percent on the 
basis of the water taken up. The values given in Table VII 
represent the amounts of water taken up in percentage by 
weight of the dried clay. Each value is the mean of three 
determinations of the total water capacity made upon one 
single sample of clay. 

Table VII 

The Total Water Capacity of Pleistocene Clays 


Locality 

A 

B 

1 ^ 

D 

E 

Gumbotil 

73.9 


05.0 

79.3 

70.5 

Oxidized-leached 

30. 3 

68.9 

• « » • 

04.4 


Oxidized-unleached 


63.2 

51.2 

44.1 


Unoxidized-unleached 


51 .5 

.... 

.... 

• # • * 


The Free Watep Capacity 

Cameron’ defines “free” water as the water in the soil which 
is not held adsorbed upon the surface of the soil particles. It is 
the excess water in the soil above that which is just necessary 
to produce optimum swelling. In this work the free water 
capacity is taken as the difference between the hygroscopic 
water capacity and the total water capacity. The free water 


> Joiir. Phys. Chem., 14 , 340 (1910). 
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capacity of the different clays expressed in percentage by 
weight of the dried clay are given in Table VIII. 


Table VIII 

The Free-Water Capacity of Pleistocene Clays 


Locality 

A 

B 

c 

D 


Gumbotil 

()2.2 


5.3.4 

()() 8 

58.2 

Oxidized-leached 

40.5 

kn/.i 


58 8 


Oxidized-unleached 


42.2 

54 4 

84.2 


Unoxidized-unlcached 


44^9 

.... 




The free water capacity is a measure of the interstitial 
space in the clay rather than of the specific surface. The 
total water capacity is a measure of the film water plus the 
free water. The data of Table VII show that the gumbotil 
possesses the greatest power to take up water. Its high total 
water capacity probably accounts for the ease with which 
it slides in exposed cuts or on the hill sides. It may also ac- 
count for the fertility of glacial soils, since when not eroded 
away, the stratum most capable of holding water is found 
close to the surface soil. The gumbotil has the property 
of taking up and retaining great quantities of water during 
the rainy seasons, thus forming during dry seasons a store 
house of moisture which by capillary flow keeps the sur- 
face soil moist and into which the longer roots of the plants 
penetrate directly. 

It should be observed in passing that both the free water 
capacity and the total water of these clays decrease from the 
gumbotil downwards. 

The Humic Acid Ck>ntent of These Clays 

The question as to whether the humic acids might be 
found in these strata, and if so the belief that they too should 
decrease in content as we pass downward from the surface 
lead us to determine the humic acid content of each clay. The 
method used was that prescribed by Wiley.’ The actual 
quantities found did not in any case exceed a few milligrams 

‘ “Principle and Practice of Agricultural Analysis/* p. 331. 
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in a twenty-five gram sample of the clay. This would indi- 
cate that in these strata the htimus material has been com- 
pletely oxidized by the soil atmosphere. 

The Adsorption of Dyes by Glacial Clays 

On the basis of the leaching theory for the formation of 
the gumbotil the colloidality of the clays should decrease from 
the surface downward. These clays in their colloidal form 
are negatively charged. They should, therefore, show a pro- 
nounced adsorption power for positive dyes. On the other 
hand, we should expect but slight adsorption for negative dyes. 
To test this point we have studied the adsorption of the posi- 
tive dyes, methylene blue and methyl violet, and of the nega- 
tive dye, eosin. These were carefully purified by several 
crystallizations from the proper solvents. 

Various solutions of the dyes of the desired concentration 
were carefully prepared in accurately calibrated flasks at 25°. 
Two exactly one-gram samples of each clay were weighed into 
separate 100-cc glass-stoppered bottles. To each pair of 
samples were added exactly 100 cc of one of the dye solutions. 
The bottles were then sealed with paraffin, placed in a shaker 
immersed in a large water thermostat and rotated for twenty- 
four hours at 25°. The bottles were then taken from the 
shaking apparatus and allowed to stand in the bath until the 
clay had completely settled. Accurately measured volumes 
of the supernatant dye solution were withdrawn from each 
bottle, accurately diluted to a convenient color intensity and 
the amount of dye in one cc determined colorimetrically by 
means of a Dubose colorimeter. From the data obtained the 
amount of dye adsorbed by one gram of the clay is easily 
determined. 

In order to obtain an idea of the relative adsorption 
powers of the different clays in any one drift sheet a duplicate 
series of adsorption experiments were made involving all of 
the various samples at our disposal. To each gram of clay we 
added 100 cc of a solution containing exactly one gram of 
dye per liter. The mean weights of dye adsorbed by one 
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gram of clay for the various strata and localities are collected 
in Tables IX and X. 


Table IX 

A Comparison of the Adsorption Power of the Various Clays for 

Methylene Blue 


Locality 

A 1 

B 

C 

D 

K 

Gumbotil 

0 099X9 


0 ()994.S 

0 09994 

0 09S97 

Oxidized- 

leached 

0.04:^99 

0 08()72 


0 


Oxidized- 

unleached 


0 0()()S4 

0 0()7()1 

D.OoTl? 


Unoxidized- 

unleached 


0 ()(i90() 





Table X 

A Comparison of the Adsorption Power of the V^arious Clays for 

Methyl \^iolet 


Locality 

1 A 

B 

c 

D 

1 K 

Gumbotil 

Oxidized- 

0 099:)7 


0.09937 

0 0999S 

0 09073 

leached 
Oxidized - 

0 o:)Oi3 

0 09094 


0 099()r) 


unleached 

Unoxidized- 

unleached 


0,0927.*) 

0 07920 

0 09n:)7 

0 (KSOSO 

■ * 


As was predicted, the adsorption of the negative eosin by 
all of the clays is relatively slight and therefore somewhat 
irregular. For this reason the data found will not be inserted. 

A survey of the data presented in these two tables for 
the adsorption of methylene blue and methyl violet shows 
that the gunibotils exhibit practically the same adsorption 
powers, which indicates that the extent of surface development 
of this stratum from different drifts and localities is very similar. 

Some geologists have considered the gunibotils to be 
mainly of fluvioglacial origin, some believe they are an aqueous 
deposit, and still others have considered them as related to 
the loess. These theories would not necessitate a similarity 



24 


J. N. Pearce and L. B. Miller 


in the gumbotils from different drifts or from different lo- 
calities in the same drift. According to Kay and Pearce 
(loc. cit.), however, the gumbotils, being the residuum from 
the weathering and leaching of more or less similar igneous 
drift material, should be similar from whatever drifts or lo- 
calities they are obtained. The data herein exhibited sup- 
port the theory proposed. 

Physical Chemistry Laboratory 
The State University of Iowa 



THE ACTION OF UETRA-VIOEET EIGHT ON GELS* 


BY EDWARD O. HOLMES, JR. AND WALTER A. PATRICK 

Intpoduetion 

The present investigation was undertaken with the idea 
of explaining certain phenomena that have been observed in 
connection with the action of light upon gels. It is known 
that exposure to light is sufficient to bring about marked 
changes in the properties of many gels ; as examples : the hard- 
ening of gelatine and the embrittling of celluloid under the in- 
fluence of light may be cited. It occurred to us that possibly 
the explanation of these phenomena was, in all cases, due to 
the loss of solvent and not to a specific chemical reaction that 
was brought about by the light. In other words, it was our 
belief that the action of the light simply effected a change that 
produced a loss of associated solvent, and it was due to the 
loss of the latter that the change in the properties was brought 
about. 

Historical 

The mechanism of this loss of solvent as produced by the 
action of light was suggested by experiments on the adsorption 
of sulphur dioxide by silica gel.* It was found that the pres- 
ence of a small amount of air reduced the amount of sulphur 
dioxide adsorbed by the gel. This point is best made clear 
by reference to the adsorption isotherms which are here 
reproduced. 

In Figure P Curves (A) and (B) show the adsorption 
of sulphur dioxide in the presence of small amounts of air 
while those in Figure 2 indicate the adsorption in the absence 
of air. It is to be noted that the curves in Figure 2 are re- 
versible; that is, the removal of sulphur dioxide follows the 
same path as the adsorption. In the case of the removal of 

* Contribution from the Chemical Laboratory of Johns Hopkins University 

' MacGavack and Patrick: Jour. Am. Chem. Soc , May, 1920 

2 Ibid. 
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sulphur dioxide after adsorption in the presence of air (Curve 
B in Figure 1) the path coincides with that of the reversible 
curves. From these curves it is easily seen that the adsorbent 
under the same partial pressure of sulphur dioxide will retain 
more of the latter in the absence of air. 

This effect has been explained by the assumption that the 
presence of permanent gases prevents complete wetting of 
the pores by the adsorbed vapors. In order to test this 
theory it was thought that gels containing liquids that could 
be decomposed by ultra-violet light with the formation of 
permanent gases should show a loss of liquid when exposed 
to the light. 

With the foregoing in mind the purpose of the following 
research and the method of attack may be outlined more 
clearly. We first attempted to prove that ultra-violet light 
caused a loss of solvent from those gels that contained liquids 
decomposable by this light; that furthermore, this loss of 
solvent was not simply the results of the decomposition of 
the solvent itself but that the production of the permanent 
gases in the pores of the gels caused the solvent to escape. 
Upon proof of the above we then proposed to extend the study 
to other organic gels and see if the same explanation was 
sufficient to account for the observed effects. 

Description of Apparatus 

The principle of the apparatus is simply that of a tensi- 
meter: namely, a means of reading the difference in pressure 
between two bulbs containing portions of the same sample of 
gel, one of which is being exposed to the ultra-violet light, 
the other being shielded from it. 

In order to keep the temperature of the two bulbs the 
same, both bulbs were immersed in a water bath which was 
constantly stirred by air. The ultra-violet light was generated 
by an iron arc, passed thru a quartz window in the side of the 
water bath and into the quartz reaction flask where it hit the 
gel. The compensation bulb was of glass and was protected 
from the light by a metal screen. Fig. 3 shows an iron arc 
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Fig. 3 


giving our ultra-violet light, which passes thru the quartz 
window (Q) in the bath. The light traverses the quartz 
bulb (R) and strikes the gel contained therein. A metal 
plate protects the bulb (G) from any scattered rays. This 
bulb (G) is the same size as the bulb (R) and contains the same 
amount of the same sample of gel as is placed in bulb (R) — 
functioning merely as a compensating bulb. 

The two bulbs are connected with a manometer having a 
long, gently-sloping straight arm which makes the manometer 
very sensitive. Behind this arm is a scale, the movement of 
the mercury along one division of which represents ’/«« mm. 
The two arms of the manometer are connected by a tube which 
contains a mercury sealed stopcock (C 2 ). 

The whole system is connected to a barometer column, a 
mercury pump and an oil pump thru stopcock (Ci). The 
cock (Cs) at the bottom of the manometer is placed there to 
facilitate replacing the mercury and cleaning the arms in case 
the mercury be attacked by the gases liberated by the action 
of the light on the gel. 

Description of Runs 

The gel was originally made up for use in gas masks and 
contained about nine percent of water. This was partially 
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replaced by immersing the gel four times in fresh portions of 
the desired liquid during which the water is replaced by the 
liquid used to about fifty percent. This gel is now dried in 
an air bath until it has no appreciable vapor pressure. 

Each bulb was filled with the same quantity of dry gel. 
After attaching the bulbs to the apparatus thru a mercury- 
sealed joint, the whole was evacuated, the stopcocks being 
opened. When the apparatus was completely evacuated these 
cocks were closed and the system allowed to stand to be sure 
that no vapors escaped from the gel. If any increase in pres- 
sure in the system was observed, the whole was re-exhausted 
and allowed to stand once again. It was necessary to have 
the vapor pressure of the gel in the two bulbs the same and 
below one millimeter to avoid any “air effect” which is described 
later. 

When the manometer had not moved after long standing, 
which showed that the gel in each bulb was in equilibrium 
with that in the other and that the apparatus did not leak, 
the arc was started and the readings of the mercury column 
in the long arm of the manometer taken at certain intervals. 

Ppeliminary Runs on Liquids and Air 

It became necessary to know what effect any air left in the 
bulbs would have upon the readings; so that a run was made 
in which the bulbs contained nothing but forty millimeters 
air pressure. The arc was started and the curve rose imme- 
diately, giving the air curve No. 1 in Fig. 4. When the arc 
was stopped, the pressure fell rapidly to zero. This “air 
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effect’ ’ was regarded as purely thermal and showed the necessity 
of excluding air from all runs. 

A great many organic liquids can be decomposed by 
ultra-violet light; but two were chosen to impregnate the gel 
which were easily decomposed and readily attainable ; namely, 
acetone and acetic acid. 

In order to obtain some data as to the rate of decompo- 
sition of these liquids, a run was made by filling both bulbs 
with glacial acetic acid and exposing in the usual manner. 
Curve No. 2 in Fig. 4 was obtained. It should be noticed 
that even after the light is turned off the curve continues to 
rise for some time. This is due to the lag caused by the time 
it takes the gaseous decomposition products formed in the 
liquid to migrate to the vapor space above and hence to the 
manometer. On account of this lag, it was decided to find 
curves for the rate of decomposition of the vapors of the 
liquids to be used. 

Rate of Decomposition of the Vapor 

This was found by filling the bulbs about one-quarter 
full of the liquids to be used and then boiling under reduced 
pressure until only a small amount remained in the bottom, 
so as to expel all the air. The arc was started and readings 
taken. 

In Fig. 5, Curve No. 1 shows the results obtained with 
acetic acid. The curve is a straight line, as would be sup- 
posed, flattening out when the light is shut off. 



Curve.s for Acetone and Acetic Acid Vapor 
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Curve No. 2 shows the results with acetone. This curve 
has a greater slope than that of the acetic acid curve and drops 
when the arc is shut off. The difference in slope is due to the 
fact that at the temperature used, acetone has a vapor pres- 
sure sixteen times that of acetic acid. However, the slope 
of the acetone curve is only four and three-tenths times that 
of the acetic acid curve, indicating that acetic acid is more 
readily decomposed than acetone. On the other hand, this 
is contrary to the literature on the subject and is accounted 
for by the fact that on photo-chemical decomposition, acetic 
acid gives carbon monoxide, carbon dioxide and hydrogen,- - 
three molecules; whereas acetone gives only carbon monoxide 
and ethane, or a smaller number of molecules. 

Runs of Impreg’nated Gels 

This chapter is divided into two parts : the first titled “To- 
tal Illumination” and the second, “Partial Illumination.” 
In the first part, the whole of the quartz reaction flask was ex- 
posed to the light, which hits the gel as well as the vapors above 
the gel. However, it became necessary in order to prove cer- 
tain points to make similar runs exposing sometimes the solid 
gel, sometimes the vapor above, or even as before, both; 
so that this second part was headed “I’artial Illumination.” 

In the following runs, we endeavored to keep a constant 
source of light, but this could only be done approximately, as 
we used a powerful source of ultra-violet light, — an iron arc 
taking eight amperes at two hundred and twenty volts. For 
a single run, it was much easier to keep the arc constant than 
to have it the same in two runs ; hence the slopes of the curves 
are not strictly comparable to one another as the amount 
of decomposition depends on the amount of light absorbed, 
and this, other things being the same, on the intensity. 

The temperature of the bath gradually rose during the 
run due to the heat absorbed from the arc. However, as both 
bulbs were kept at the same temperature, they compensated 
•each other for any change in vapor pressure of the gel 
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(A) Total Illumination 
Water Gel 

In order to show that if any increase in vapor pressure 
resulted on exposure of an impregnated gel it was not due to 
the water in the gel, a sample containing water (9.73%) Jwas 
exposed in the apparatus. Curve No. 1 in Fig.JO shows the 



Fig. 6 


flat line obtained, proving that there was no water vapor 
given off by the gel. This result was anticipated inasmuch 
as the light was of wave length not short enough to decompose 
water, and therefore no gas could be generated which would 
prevent the absorbed water from wetting the surface of the 
pore. 

Acetic Acid Gel 

A gel containing twenty-one percent volatile matter, 
about half of which was acetic acid, was run and quite dif- 
ferent results obtained, as is shown in Curve No. 2, Fig. 6. 
The Curve consists of two parts (A) and (B). Part (A) was 
run one day and (B) the following, allowing the apparatus to 
stand overnight. For the first two hours of exposure, the 
pressure increases slowly, the rate becoming constant during 
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the next hour. Tlie arc was shut off and the curve gradually 
flattened out in the manner of an exponential curv'c. At 
this point, the apparatus was allowed to stand undisturbed 
overnight. 

^That part of the curve showing a gradual increase was the 
result of two factors; firstly, the arc was gradually increasing 
in intensity; and secondly, there was the natural lag of the 
apparatus- namely the time necessary for the molecules of 
liquid liberated to diffuse to the manometer. The latter of 
these explains the rise in the curve after the light was shut off. 

The next morning the run was continued, forming ])art 
(B) of the curv'e. However, this time the arc was brought 
to full intensity before the gel was exposed, which accounts 
for the much quicker rise in pressure. 

The gel filled about two-thirds of the reaction bulb and 
the vapors the remaining third. Hence the ultra-violet light 
played upon both the gel and the vapors above it 

Acetone Gel 

In place of the acetic gel, a gel containing about seventeen 
percent of volatile matter, half of which was acetone and the 
other water was introduced into the apparatus. This run was 
carried out in a similar manner to the previous one,-- namely 
in two parts, (A) and iB). The pressure rose very slowly as 
can be seen from Curv’e No. 3 in Fig. (>, the curve becoming 
flat when the arc was shut off. The next morning the curve was 
continued and gave another straight line,-- part (B). 

These three curves show that when a gel impregnated 
with some organic substance which can be decomposed by 
ultra-violet light is exposed to the same, some sort of vapor is 
set free which causes the manometer to show a reading. How- 
ever, as yet, there is no evidence as to whether this vapor 
consists of the solvent itself or the gases formed by the photo- 
chemical decomposition of the solvent. 

(B) Partial Illumination 

In the following runs, a lead screen (seen on the dia- 
gram) was added to the apparatus, and if the bulb was half- 
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filled with gel, by moving the screen, the gel itself, the vapors 
above, or both could be illuminated as desired. 

Acetic Acid Gel 

The gel used in this case was from the same large sample 
as that used in the former run under this title, only re-dried 
at a higher temperature and for a much longer time, thereby 
reducing the content of total volatiles to nine and one-half 
percent. However, recent work has shown that a larger 
fraction of this residual solvent was acetic acid than that in 
the gel used in the preceding run with acetic acid. The bulb 
was only half -filled with the gel. 

The run consists of three parts (A), (B), and (C) which 
followed one another consecutively without the apparatus 
being disturbed, save the lead window. The results of this 
run are plotted in the form of a discontinuous curve in Fig. 7. 

When the system had come to equilibrium as usual, the 
space above the gel was exposed to the light for one and one- 
half hours with no result; then the screen was removed and 
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the gel also exposed. The rate of decomposition grew to a 
constant value, as was the case in the preceding run. When 
the arc was shut off, the curve flattened out immediately. 

The following day the arc was started again, the gel and 
the space above it being exposed until the rate of increase of 
pressure reached a constant value. At this point, the lead 
screen was placed in such a position that the light fell on the 
vapor only. The pressure continued to rise for some time; 
the rate falling off and finally becoming zero. Then the arc 
was turned off and the pressure remained constant overnight. 

With the lead window still allowing the vapors only to be 
hit by the light, the arc was lighted and a small rate of increase 
observed. However, when the screen was lowered allowing 
the gel itself to be hit by the light, the pressure rose rapidly 
and the curve regained its usual slope as was obtained in the 
first two parts of this run when the light hit the gel itself. 

The important feature of this curve (the upper half of 
part B) is that after the gel and the vapor above it have been 
exposed for some time and the increase in pressure has become 
constant, when the lead screen is so placed that only the vapor 
is hit by the light, the pressure still continues to rise at a grad- 
ually decreasing rate. This has only one meaning which is 
that there must be some substance present in the vapors 
above the gel that can be decomposed by the light. Obviously 
this substance cannot be the gaseous decomposition products 
from the pores of the gel and therefore must be acetic acid 
itself which has been liberated intact.. As this acetic acid 
vapor is gradually broken up by the light the curve flattens 
out, there remaining in the gaseous phase only the decompo- 
sition products consisting chiefly of carbon monoxide, carbon 
dioxide and hydrogen. 


Acetone Gel 

In order to check this point, a similar run was made with 
the acetone gel used in the former run, and the results of this 
run are shown in Fig. 8. 
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The curve consists of three parts (A), (B), and (C) The 
light was allowed to hit the gel only until a constant rate of 
decomposition was attained. When the arc was turned off, 
the curve rose for a short time and then flattened. I'his com- 
pleted part (A) of the acetone curve. The fact that the curve 
flattens proves that the gases liberated by the action of the 
light are not readsorbed by the gel. 

Now the light was allowed to strike the vapor above the 
gel only, which produced the lower part of section (B) . 'I'hen 
the position of the screen was so shifted that the light struck 
the gel only, and the same steep slope was obtained as under 
similar conditions in part (A). The light was now turned off 
and the curv'e flattened as usual, completing part (B) of the 
curve. 

The next morning the run was resumed with the light on 
the vapor above the gel and another straight line was obtained 
which constitutes part (C) of the curve. 
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We have now proven that our results are perfectly repro- 
ducible, and that the organic liquid with which the gel is 
impregnated is set free intact when ultra-violet light plays 
upon the gel, and also that neither it nor the gaseous decom- 
position products are readsorbed by the gel. 

Nitric Acid Gel 

It was now thought advisable to impregnate silica gel 
with an inorganic liquid which would be decomposed by the 
light. For this purpose some original gel was exposed to the 
fumes of concentrated nitric acid in a vacuum desiccator for 
several days. The gel was dried until it had no appreciable 
vapor pressure and was found on analysis to contain five per- 
cent nitric acid. 

The curve obtained, No. 2 in Fig. S, consists of a 
straight line parallel to the abscissa,- -in other words, no 
pressure at all was generated. 



(Ordinates are '/m mm and not mm ) 

At first, this result may seem strange as nitric acid is 
easily decomposed by light. However, when it is considered 
that silica gel adsorbs oxides of nitrogen very strongly, which 
are the photo-chemical decomposition products of the nitric 
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acid, it is not remarkable at all that nitric acid gels show no 
pressure under the influence of the ultra-violet light. As 
fast as the nitric acid is decomposed the products are adsorbed 
and thus there is no gas which will prevent wetting of the sur- 
face of the pores by the nitric acid solution. 

Celluloid 

As the embrittling and the discoloring of celluloid b> light 
furnished the original idea of the problem, it was now an 
opportune time to try the effect of ultra-violet light on cellu- 
loid itself. Inasmuch as the gel structure as well as the sol- 
vent are both easily decomposed by the light, celluloid could 
not be used for a study of the mechanism of the process but a 
gel having a stable structure was necessary — silica gel. 

A run on celluloid was made by cutting the celluloid up 
into small pieces and dropping them in the necks of the bulbs, 
until each bulb contained the same amount and was approxi- 
mately full. 

The celluloid in the quartz bulb was exposed to the light 
and Curve No. 3 in Fig. 10 obtained. The rate of decom- 
position increased to a con- 
stant value . The products are 
undoubtedly gases from the 
decomposition of the nitro- 
cellulose and its solvent, and 
also the undecomposed sol- 
vent itself. 

When the arc is shut off, 
the curve drops rapidly, finally 
coming to a constant reading. 
This drop can be the result of 
or more likely the re-adsorp- 
The curve is made up of the 
results of three similar runs made at different times, the ap- 
paratus being undisturbed in between. The second and 
third sections show a peculiar twist which cannot be ac- 
counted for in light of the present knowledge on the subject. 
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two things; the thermal effect, 
tion of the oxides of nitrogen. 
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Mechanism of the Liberation of the Solvent from the Gel 

Let us suppose a number of tiny pores or cells to be in 
a completely evacuated space. For simplicity, consider one 
cell as pictured in figure No. 10. Now introduce into this 
space a gas such as sulphur dioxide which can be adsorbed. 
Immediately, some will enter the pores or cells and be con- 
densed on the surface forming a liquid film (L) — the phe- 
nomena of adsorption. The surface (S) of this film will tend 
to become smaller due to the force of surface tension. This 
tension is very great and puts the liquid under a negative 
pressure which reduces its vapor pressure to a very small 
value. 

As the pressure in the surrounding space is above that 
of the liquid in the pores, more gas will condense in the liquid 
surface and tend to make this smaller, which decreases the 
negative pressure and in turn causes an increase in the vapor 
pressure of the liquid film. Obviously, the process will con- 
tinue until the vapor pressure of the film is equal to that of 
the surrounding space. 

This same state can be reached from the other direction, — 
that is by filling the pores with a liquid and evacuating the 
space around, which causes the liquid to evaporate from the 
pores and thereby reduce its vapor pressure. In this manner 
the gels used in the previously described runs were brought 
to a condition of equilibrium with the apparatus. 

Hence by either of these two processes, we have a large 
number of pores partly filled with the adsorbed substance 
under great negative pressure and therefore having a very 
low vapor pressure. The negative pressure on the film is 
caused by the surface tension acting along the sides of the 
pores and around their circumference. 

If by any means, this force of surface tension is reduced 
the vapor pressure of the liquid film becomes greater than that 
of the surrounding space and some of the liquid evaporates 
in order that equilibrium shall be restored. Now ultra-violet 
light does reduce this force by decomposing the liquid of the 
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film with the formation of gas bubbles, which prevent the film 
from completely wetting the surface of the pore, resulting in 
a decrease in negative pressure and subsequently an increase 
in the vapor pressure of the adsorbed substance. Inasmuch as 
the vapor pressure of the film is now above that of the sur- 
rounding space some of the liquid evaporates. 

This same mechanism will explain the liberation of gases 
by celluloid under the influence of ultra-violet light only here 
we have the complication that the light decomposes the struc- 
ture of the gel itself (cellulose nitrate) as well as the solvent 
in the .pores. Therefore the reason for celluloid turning 
brown and becoming brittle under the action of the ultra- 
violet light of the sun is quite evident. 

Thus in the case of sulphur dioxide where there is re- 
sidual air present, as already cited, the air prevents the ad- 
sorbed sulphur dioxide from completely wetting the surface 
(for small pressures) and therefore the adsorbed film has a 
higher vapor pressure than if it completely wet the surface. 
This is a case of what might be called “mutual adsorption.’’ 
Recent work of Patrick' and Ryerson on the adsorption of 
bromine by silica gel in air shows that when the concentration 
reaches a certain point, the air no longer exerts an influence 
and is squeezed out or removed in some such way. 

However, on emptying the pore, the air is swept out alone 
with the adsorbed substances, and so when equilibrium is ob- 
tained at any point on this curve, the surface can be completely 
wet, — the air having been removed from the pore. Hence the 
explanation of the irreversible curves obtained for the adsorp- 
tion of sulphur dioxide when air is present, which was revealed 
by our work on the action of ultra-violet light on impregnated 
silica gel. 

Summary 

(1) Silica gel impregnated with certain organic liquids 
will, on exposure to ultra-violet light, give off gaseous prod- 


^ To be published 
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ucts, provided the liquid can be decomposed photo-chcm- 
ically into gases which are not adsorbed by the gel. 

(2) The gaseous products consist of a mixture of the 
vapor of the organic liquid itself along with those gases re- 
sulting from the photo-chemical decomposition of the liquid. 

(3) Celluloid acts in a similar way under the influence 
of ultra-violet light 

(4) The mechanism of the liberation of the adsorbed 
liquid is explained. 

(5) These results show in a very striking way the manner 
in which gas bubbles in the pores affect adsorption, which 
accounts for the irreversibility of the sulphur dioxide isotherms 
obtained by MacGavack and Patrick. 

(0) The embrittling of celluloid is also due to this effect. 



THE RATE OF FORMATION AND THE YIELD OF 
YEAST IN WORT 


BY NORMAN A. CLARK 

In 1892, while studying the effect of varying environment 
on the reproduction of yeast cells, Adrian J. Brown* noticed 
that “when any fermentable nutritive solution, such as malt 
wort or a solution of dextrose in yeast-water, is inoculated 
with a “high” fermentation yeast, and kept at a temperature 
favorable to yeast growth, the cells reproduce themselves 
rapidly for a time, and then their (rapid) reproduction ceases, 
and that the fermentation of the solution may still be carried 
on by the continued life of the cells already formed . . . and 
that, although different liquids may cause yeast to increase 
to a differing extent, yet the same liquid, providing all the 
conditions, such as agitation, etc., are kept constant, appears 
to cause an increase in the number of cells to about the same 
maximum, no matter how the amount of yeast added to start 
the fermentation may vary.” When the number of cells 
added to start the fermentation was considerably greater than 
this maximum, “not the slightest sign of increase, or growth 
in size, of the cells could be detected at any time, although the 
fermentation of the liquid in which they were, proceeded with 
great rapidity.” When the amount of yeast added was not 
very largely in excess of the maximum the liquid was capable 
of developing, and the cells in the flask were examined with the 
microscope at the commencement of fermentation, “some of 
them did show an inclination to increase by budding, but the 
buds only developed to such a small extent that it was im- 
possible to consider them as complete cells when emunerating 
the individuals present at the end of the experiment.” 

Suitable experiments shewed that this cessation of re- 
production was not due to lack of food (sugar), nor to the toxic 
effect of the products of fermentation (carbond ioxide, alcohol, 

■Jour. Chem. Soc., 61, 369 (1892); 65, 911 (1894). 
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etc.) in the quantities in which they were present when active 
reproduction ceased. A subsequent investigation,^ in which 
carbon dioxide, hydrogen, and air, respectively, were passed 
through the wort during fermentation, convinced the author 
that the cessation of reproduction was due to exhaustion of the 
oxygen dissolved in the wort, and that in the presence of a 
continuous air supply, the number of cells produced depends 
only on the food available. 

In 1913, A. Slator, working with a Burton yeast, shewed 
that until the yeast crop reached about ten million cells per 
cubic centimeter (a ‘‘count’' of 40), the rate of increase at any 
moment is proportional to the number of cells then present; 
whence 

logio C/ Co ~ k(i — ^o)* 

“Growth after this time is measurably retarded.'' 

In the same year, T. Carlson- deduced a more complicated 
relation between C and / from the assumption that, besides 
being proportional to the number of cells present, the rate is 
also proportional to the square of the concentration of the 
foodstuff remaining available in the wort. Carl^jon’s formula 
thus provides for a decrease in the rate of reproduction as the 
fermentation advances, and is therefore better fitted to rep- 
resent the experimental results over a long range than is the 
simple logarithmic expression. In the absence of any direct 
evidence in support of the fundamental assumption, however, 
the expression must be regarded only as a more or less con- 
venient interpolation formula. Such evidence for or against 
“ -would be furnished by experiments on the rate of repro- 
duction in diluted wort ; there is no record of any such ex- 
periments, but determinations of the total yield of yeast when 
water is added to a constant quantity of wort shewed that addi- 
tion of water increases the crop. This result is ascribed by 
Carlson to the dilution of the alcohol formed during the 
fermentation. 

1 Jour. Chcm. Soc., 87, 1395 (1905). 

2Biochcm. Zeit., 57, 313 (1913). 
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In 1914 Horace T. Brown^ determined the rate of repro- 
duction of yeast when grown in mixtures of air-saturated wort 
with wort from which all air had been removed by boiling in an 
atmosphere of hydrogen. ‘‘The main facts which have been 
established experimentally, with regard to the reproduction 
of yeast cells in a nutrient liquid containing dissolved oxygen, 
and an excess of all the mineral and organic substances re- 
quisite for their full nutrition, may be summarized as follows: 

“(1) When the available oxygen is limited to that initially 
contained in the liquid, the number of yeast cells per unit 
volume tends to attain a maximum which is independent, or 
nearly so, of the number of cells of seed-yeast per unit volume, 
but is conditioned in the first instance by the initial amount 
of this dissolved oxygen. 

“(2) ‘Within certain limits of oxygen supply’ (up to 
about 00 or 05 percent of complete saturation of the liquid 
with atmospheric oxygen) the maximum reproduction is 
strictly proportional to the initial amount of this oxygen. 

“(3) The rate of reproduction under these conditions is 
not logarithmic, but is a linear function of the time.” (The 
explanation offered is that '‘at each subdivision the oxygen 
charge of the mother-cell must be halved, consequently the 
time required for the next subdivision of the mother- and 
daughter-cell will be double that required for the previous 
subdivision.”) 

‘‘(4) The dissolved oxygen does not remain as such in the 
liquid during the reproductive period, but is rapidly absorbed 
by the seed-yeast before cell-budding commences.” Ex- 
periments in which yeast cells were suspended in air-saturated 
water showed that the absorption of oxygen progresses as a 
linear function of the time, and that with a "count” of 48 
(12 million cells per cc), all the dissolved oxygen is absorbed 
in two and a half hours. 

The explanation put forward by Adrian Brown for the 
limited yeast crop obtained by him when working under the 

^ “Annals of Botany,” 28, 197 (19N). 
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ordinary conditions ^top yeast, nutrient liquid fermenting in 
a flask with limited access of oxygen), viz; that reproduction 
is limited by the initial supply of oxygen, thus seems to be 
borne out by the subsequent work of Horace Brown. In 
some of Adrian Brown’s experiments, however, air was bubbled 
through the liquid while the fermentation was taking place; 
with initial qpunts of 280 to 3G0, no increase in the number of 
cells was observed after 3 hours at 19^ C, 3 25 hours at 23 "" C, 
24 hours at 7° C, or 23 hours at 9° C. The “lack of oxygen” 
explanation seems inapplicable to cases such as these, and the 
experiments described in the present paper show that still 
another factor must be taken into consideration. 

Material, Apparatus and Methods 

The yeast used was a “bottom” yeast, and therefore 
probably less sensitive to oxygen than those experimented 
with by Slater, Carlson and the Browns, it was obtained from 
Fleischmann’s yeast-cake by plating and growing in wort as 
described by Fiilnier ^ When used as seed, the cells were 
filtered from the wort, washed, and suspended in distilled 
water to a suitable count, and one ce of the suspension added 
to 49 cc of the culture medium. At intervals, one cc of the 
fermenting liquid was removed by a sterile pi])ette, and after 
diluting if necessary, a drop was examined in the haemocyto- 
meter; the number of cells over one “large” square X 19~^' cc), 
after multiplying l)y the dilution if any, being recorded as the 
“Count.” 

In the ex])eriments on the influence of alcohol, the field was 
photographed and the counts made at leisure, this made it 
possible for a comparatively large number of fermentations 
to be carried out at one time Alost commercial micro- 
photographic outfits are either expensix c or shaky ; both 
disadvantages were avoided by standing the microscope on the 
bottom* shelf of a cupboard and sliding the plateholder X 
4V/4 glass plates) into position over a hole in the next shelf, 
a sleeve of black cloth hanging from the hole in the shelf down 

' Jour Phys Cheni . 25, 20 (102r» 
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over the eye-piece effectually cut out stray light, and when all 
was ready the cupboard door was closed and a 100 watt tungsten 
lamp turned on for four seconds. The developed negatives 
were used as lantern slides, the image being thrown on a 
sheet of paper lying on the writing table; each photograph 
shewed twelve of the large haemocytometer squares. 

In the beginning, the fermentations were carried out in 
250 cc Erlenmeyer flasks in the incubator at 25° C. The 
curves obtained, log C against t, while fairly straight for part 
of their course, were not all of the same slope, and when pro- 
duced to / = 0 usually did not pass through the point corre- 
sponding to the count at the moment of seeding. As calculated 
from the straight part of the curves, the constant k of the 
expression log C = k.t + const, varied from 0.12 to 0.20; 
no relation could be discovered between the value of k and 
the amount of yeast used as seed. The maximum crop of 
yeast also varied, and was much increased by occasionally 
shaking the flasks.' The use of flasks was therefore aban- 
doned, and all the results recorded in the present paper were 
obtained by use of the “rocker.” 

The rocker used was that described by Fraser, but iTiy 
tubes were of somewhat smaller diameter than his; in each 
experiment 50 cc of liquid was used; the temperature in all 
cases was 25° C. 

Range of the “Logarithmle” Formula 

In the experiments recorded in Table 1 the initial count 
was 1.0; that is, at the moment of seeding each cubic centi- 
meter of the nutrient liquid contained 250,000 yeast cells. 
After “time” is recorded the number of hours elapsed between 
the moment of seeding and that at which the count was made, 
and after “log C” the common logarithm of the count. 

^ The following counts were obtained from flasks which remained in the 
incubator, undisturbed, from the time of seeding till counted: 

Time 1 2 3 4 5 7 9 days of 24 hours. 

Count 375 435 545 574 760 831 734. 

The maximum count obtained by A. Brown under similar circumstances, but 
using a top yeast, was about 450. 

2 Jour. Phys. Chem., 25, 1 (1921). 
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Table 1 
{m)% Wort) 


Time 

0 

S.9 

9.9 

10,7 ~ 

10.9 

11.8 il2.7 

14.2 

15.2 

16.2 

Log C 

0 

1 34 

1.30 

1 ()0 

1 02 

1 .S.')! 2 02 

1 

2.25 

2.38 

2.53 


Time 

17 5 

19. 1 

20 2 

21.2 

22.2 

23 2 

24.0 

bog C 

2.00 j 

2. SI 

2 88 

3 03 

3 04 

3.16 

3.09 


When these results are plotted (Fig. 1, 100% wort) it is obvious 
that the formula log C = 0.16 f represents the rate of repro- 
duction while log C varies from 0 to 2.6, i. e., while C varies 
from 1 to 400, in other words while the number of cells increases 
from 250,000 to 100,000,000 per cubic centimeter of the nutrient 
liquid. To test the formula for small seedings, a suspension 
of yeast in sterile water was made up with a count of C = 18; 
this was diluted geometrically with water and used to inoculate 
two tubes, each being given nine cells per cc — a count of C = 36 
X 10~®. After rocking about 40 hours, they were counted 
with the following results: 


Table 2 


Time 

41" 2 

41 5 1 

42.0 

43 5 

44.0 

hours 

Log C 

— 

240 


475 j 

— 

(Tube I) 

LogC 

210 

— 

354 


594 

(Tube 11) 

k 

0.104 

0 104 

0.104 

0 104 1 

0.102 


Similar experiments were carried out with initial seedings 
varying from 5 cells per cc (C = 20 X 10“®) to eight million 
cells per cc (C = 32), and the values of k were calculated as 
above from a number of counts varying from C = 50 to 
C = 600; the results are given in Table 3. 


Table 3 


Initial C 

"”20 X lO" ® ' 

36 X U)-“ 1 

176 X 10 ■« j 

0.09 

1.0 

k 

0.157 i 

0.164 1 

0 163 1 

0.100 

0.160 


Initial C 

2.5 

4.4 

14 

21 

k 

0.100 

0. 160 

0.100 

0. 160 


To make k — 0.160 for the first three experiments of the table, 
it must be assumed that the actual number of cells used for 
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seeding was 3.5 per cc instead of 5, 13 instead of 9, and 56 
instead of 44 respectively ; bearing in mind that it was a yeast 
suspension, not a solution, that was being diluted — in the 
first case over a million fold — this seems the natural assumption 
to make. Adopting the value k = 0.160, the number of cells 
in the culture is doubled every 1.88 hours, that is, in one hour 
and fifty three minutes. 

Thus, under the conditions of our experiments, the rate of 
reproduction of a bottom yeast in wort is independent of the 
amount used for seeding; and, until the crop reaches one 
hundred million cells per cubic centimeter, the relation be- 
tween count and time is given very closely by the “logarithmic 
formula” log C, Co = 0.160 t.' 

vSlator, with a top yeast, found k ~ 0 . 104 at 20° C until the 
crop reached ten million cells per cc: the initial values from 
Carlson’s table IX recalculated, gives k — 0.20 for his top 
yeast at 30° C. 

The Aptiflcial Medium 

It has long been recognized that beer-wort is the best 
medium for the culture of yeast. A number of the artificial 
media commonly recommended, including those of Hansen, 
Taurent, vStern, Naegeli, and Williams (Fulmer’s had not yet 
been published) were tried, each being made up in duplicate, 
(a) with cane sugar, and (h) with glucose; no marked difference 
was found between these two sugars. With an initial count 
C = 1.0 the crop after 72 hours never reached C = 50, except 
in the case of Hansen’s medium, which contains peptone; in 
wort, 24 hours after seeding C = 1200.- 

The following recipe was used in what follows ; 

(a) 100 cc water; 10 g potassium dihydrogen phosphate 
cryst. ; 5 g magnesium sulphate cryst. ; 20 g ammonium 
nitrate. 

’ Co the count at the moment of seeding, C the count i hours later, log 
the common logarithm. 

2 Fulmer (Jour. Am. Chem. Soc , 43, 186 (1921)) obtained a count of 
284 with his artificial medium; initial count C = 1 0; the experiments were 
carried out in Erlenmeyer flasks at 30° C. 
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(6) 100 cc water; 1 .4 g calcium chloride hexahydrate. 

If a and h are mixed and sterilized a precipitate is formed ; they 
were therefore sterilized separately ; 5 cc of each of them, 10 g of 
cane sugar, and enough water to make up to 100 cc constituted 
the “artificial medium^ of the present paper. Actively 
budding “normal” yeast, filtered and well washed with water, 
reproduced in this medium yielding well shaped cells with a 
strong tendency to form clusters or bunches, which caused 
difficulty in the counting; it required about four hours to double 
the initial count, whether that were C = 1.0 or C = 30, as 
compared with 1 hour 53 minutes in wort ; after S hours the 
reproduction Avas very slow, and when the initial count was 
1 0, the maximum crop was about C == 25. 

Rate and Yield in Wort diluted with the Artificial Medium 

Addition of a little wort made a great deal of difference, 
the results of Table 4 were obtained from media prepared 
by mixing wort and the artificial medium in various pro- 
portions; “wort SO^^” means a solution made from 40 cc 
wort and 10 cc artificial; after mixing, the medium was 
sterilized wdth live steam for 30 minutes and seeded to a count 


Table 4 



Wort 


Wort 

1 :«)' 

Wort 

loS 

Wort 

Hours 

Log C 

Hours 

Log C 

Hours 

Log C 

Hours 

Log C 

0 

0 

0 

0 

0 

0 

0 

0 

\) I 

1 11 

9.2 

1 .30 

9.2 

1 .42 

9.3 

1 .03 

10.0 

1.52 1 

10.1 

1 .48 

10.2 

1 05 

10 2 

1.77 

10 9 

1 .SO 

11 1 

1 .74 

11 . 1 

1 .70 

1 1 .2 

1 79 

12.0 

1.95 

12. 1 

1 95 

12.2 

2.14 

12 2 

2.03 

12.7 

1.95 

12 8 

2.20 

13.9 

2. 13 

13 0 

2 12 

14. :i 

2.32 

14 4 

2.32 

14.5 

2 .50 

14.5 

2 32 


2.40 

15.4 

2.51 

10.5 

2.71 

15.0 

2 54 

i().:i 

2 50 

10.4 

2.70 

17.7 

2 83 

10.0 

2 52 

17.0 

2.72 

17.0 

2 80 

19.5 

2 90 

17.7 

2.()7 

19.2 

2.95 

19.3 

2.90 

20.4 

2.89 

19.0 

2.50 

20.2 

2 90 

20.3 

2.98 

21 .5 

2.90 

20.5 

2.45 

21.3 

3.00 

21 .4 

3.01 

22.5 

2.91 

21 .0 

2.79 

22.2 

3.10 

22.5 

2.93 

23.3 

2.90 

! 22.5 

2.00 

23^2 

3.12 

23.2 

3.10 

24.3 

2 97 

23.4 

2.71 

24.1 

2.98 

24.2 

2.90 

— 

— 

24.4 

2.74 
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Table 4 {Continued) 


5% Wort 

1% Wort 1 

0.06% Wort 

Hours 

Log C 

Hours 

Log C 

Hours 

Log C 

0 

0 

0 

0 

0 

0 

9.4 

1.40 

9.5 

1.45 

9.6 

1 

.04 

10.2 

1.66 

10.3 

1.57 

10.5 

1 

.04 

11.2 

1.93 

11.3 

1.64 

11.4 

1 

.11 

12.3 

2.03 

12.4 

1.66 

12.5 

1 

.45 

13.1 

2.11 

13.1 

1.76 

13.2 

1 

.15 

14.6 

2.35 

14.7 

2.01 

14.7 

1 

.38 

15.6 

2.54 

15.7 

2.05 

15.7 

1 

.04 

16.6 

2.52 

16.7 

1.92 

24.7 

1 

.28 

17.8 

2.48 

17.9 

1.97 

36.0 

1 

.23 

19.7 

2.63 

19.8 

2.01 

— 


— 

21.6 

2.52 

20.7 

2.05 

— 



22.6 

2.50 

21.7 

2.18 

— 


— 

23.5 

2.47 

22.7 

1.92 

— , 



24.5 

2.45 

23.5 

2.03 

— 


■— 


ofll.O. The results of Table 1, “wort 100%” are directly 
comparable with these. 

In the case of 0.06% wort, the cells were badly bunched 
and had already stopped reproducing when first counted; 
in the 1.0% wort, also, the cells were badly bunched and 
counting was difficult. 

Inspection of the graphs. Fig 1, shews that the initial rate 



Fig . 1 
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of reproduction is the same in all the media tested, viz. ; from 
100% wort to 1 .0% wort ; and that in every case the maximum 
yield is reached within 24 hours. 

Retardation due to Alcohol 

In solutions containing 10, 30, 50, 80, or 100 percent wort, 
the logarithmic formula holds until log C = about 2.7, i. e., 
C = about 500; a number of distillations showed that at this 
point the solutions contain 1.8% alcohol (1.8 g per 100 cc). 
Measurements of the rate were then undertaken in wort to 
which various amounts of alcohol had been added defore 
seeding; of course, additional alcohol is formed during the 
experiments, and no doubt there is some loss from evaporation, 
but these changes are small. For instance, with an initial 
count of C = 23 in pure wort, less than 0.5% alcohol was 
formed in six hours; wort initially containing 1.58% alcohol 
increased to 1 in 5 hours, and when the initial concentra- 
tion was 8.1%, the concentration after 5 hours was 3.27%. 

In the experiments whose results are given in Table 5 
and Fig. 2, the medium consisted of 45 . 5 cc wort, the amount 
of alcohol named in the table, water enough to bring the 
volume to 49 cc, and 1 . 0 cc of a yeast suspension made to give 
an initial count of C = 32 (log Co = 1.505). The object 
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in using a high count was to avoid trouble from the bunching 
of the cells grown in the alcoholic solutions; low counts are 
relatively inaccurate, and large bunches are hard to count and 
may not be evenly distributed ; if the initial number of cells is 
small and the final count is high enough ‘for accuracy, the 
number of cells in each bunch is apt to be inconveniently 
large. 

Table 5 


0 % Alcohol 

1 % Alcohol 

1 25% 

Alcohol 

1 1 

5^ Alcohol 

I / 

He 


Alcohol 

Hours 

1 Log C 

Hours 

1 Log C 

Hours 

I Log C 

Hours 

1 Log C 

>urs 

Log C 

0 

1 

.51 

0 

1 

.51 

0 

1 

.51 

0 

1 

.51 

0 

1 .51 

1.1 

1 

. 5:3 

0 

.0 

1 

74 

0.0 

1 

.01 

0 

. 7 

1 

00 1 

0 

.8 

1 .55 

1,75 

1 

.74 

1 

.2 

1 

. 55 

1 .2 

1 

.01 ! 

1 

25 

1 

()5 

1 

.5 

J .07 

2.5 

1 

81 

1 

^8 

1 

.()8 

l.S 

1 

.07 

1 

9 

1 

80 

2 

0 

1 .85 

3.7 

2 

.00 

2 

.5 

1 

.81 

2.5 

1 

87 

2 

.0 

1 

.70 

2 

. 7 

1 .84 

4.5 

2 

,12 

5 

.8 

2 

.11 

4.0 

2 

08 

4 

.0 

2 

05 

4 

.1 

2. 19 

5.0 

2 

,28 

4 

.5 

2 

25 

4.0 

2 

.10 

4 

() 

2 

22 

1 4 

8 

2 22 

5.7 

2 

,:io 

5 

1 

2 

.28 i 

5.2 

2 

25 


. 2 

2 

.50 

5 

5 

2 58 

().3 

2 

52 

5 

. 7 

2 

.40 

5.9 

2 

,55 

5 

9 

2 

55 

() 

.0 

2 5i) 

7.0 

2 

,()() 

0 

4 

2 

.50 

0.5 

2 

,51 

0 

5 

2 

45 

() 

(i 

2.52 

— 

- 

— 

7 

5 

2 

.49 

7 0 

2 

59 

7 

2 

2 

52 

7 

2 

2.51 

2 0 % Alcohol 

1 


Alcohol 

3 0 %, 

Alcohol 

[1 


Alcohol 

1 -^ 

O'. 

Alcohol 

Hours 

i Log C 

Hours 

"l^c 

Hours 

Log C 

Hours 

fw c 

i Hours 

L^C 

0 

1 

.51 

0 

1 

31 

0 

1 

.51 

0 

1 

. 51 

0 

1 51 

0.8 

1 

.50 

0 

.9 

1 

01 

1 .0 

1 

. 55 

1 

0 

1 

.57 

1 

0 

1 50 

1.4 

1 

.74 

1 

.5 

1 

()0 

1 5 

1 

50 

1 

() 

1 

. 54 

1 

() 

1 .58 

2.1 

1 

74 

2 

2 

1 

74 

2.2 

1 

.70 

2 

5 

1 1 

. 74 

2 

5, 

1 .58 

2.7 

1 

.80 

5 

4 

1 

85 

5 5 

1 

.89 

5 

7 

1 

.74 

‘> 

0 

7 

1 85 

4.1 

2 

.00 

4 

2 

2 

12 

4.2 

1 

.94 i 

4 

.5 

0 

.07 

4 

4 

1 80 

4.8 

2 

10 

1 

.8 

2 

10 

4.9 

2 

.14 

5 

.0 

2 

02 

5 

0 

1 .92 

5.4 

2 

20 

5 

.5 

2 

20 

5 5 

2 

.18 

5 

5 

2 

.10 

5 

.0 

2 05 

(i.O 

2 

25 

0 

.0 

2 

50 

() 1 

2. 

.25 

0 

2 

2 

. 18 

0 

2 

2.15 

(3.7 

2 

.50 

7 

.5 

2 

59 

0.7 

2 

.2() 

0 

<s 

2 

22 

0 

9 

2.11 

0.7 

2. 

,51 



- 

_ 

7.4 

2. 

.52 

7 

.5 

2 

18 

7 

5 

2.09 

7.2 

2 

51 


__ 

- 

— 


- 

— 

- 

— 

- 



— 



Inspection of Fig. 2' shews that up to an initial concentra- 
tion of 1 .75% alcohol the constant of the logarithmic formula 
remains at k = O.IG, but that with 2.0%) alcohol and more 
it falls (Table (i) ; in Fig. 3, where k is plotted against % 

' The dotted line corresponds to K = () 160. 
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TablK 0 


% Alcohol 
k 


.0 1 25 
KilO.lGO.lG 


1 .)() 

1 75 

2.0 

2.5 ! 

3 0 

4,0 

5.0 

O.K) 

O.IG 

0.135! 

0.1251 

0.113 

0.104 

O.OcSS 


The parabola passing through the three points 1 .«S, 3.0, and 5.0 
has the equatkm : ' k ~ 0.2771 0.080G% + 0.00cS543 (%)-. 


alcohol, this is brought out ^^”^5 
clearly. These results shew < 
that with this particular strain ® 
of yeast, the concentration of 
alcohol necessary to affect the 
rate of reproduction, lies be- 
tween 1 and 2.0%, the 

retardation in the rate of re- i 2 4 5 

production in the experiments 

of Tables 1 and 4, when log C = 2.7 must therefore be 
ascribed to the influence of the 1 8%, of alcohol formed in 
these solutions. 

Two reasons for this retardation suggest themselves, 
either (a) the rate of reproduction of each cell is lowered, or 
(b) some of the cells fail to reproduce; experiments with riiethyl- 
ene-blue^ shewed that none “die’' even after 5 hours in 3^ ^ 
or rf'/o alcohol.- Plating experiments were carried out to 
decide the matter ; in these, wort-agar plates containing 2^ ( 
agar and either alcohol or no alcohol at all, were seeded 
from the same yeast suspension. On the alcoholic plates the 
colonies developed uniformly but slowly, and the number, 
when countable (after four days) was the same as that on 
the alcohol-free plates (see Table 7), although on the latter 
the growth was very much faster. The decision therefore is in 
favour of hypothesis (a). 

Table 7 


Alcohol-free plates 77,77,82,91 colonies, respectively, total 327 
5% alcohol plates S().8G,8G,85 colonies, respectively, total 337 

^ On the use of this reatfcnt, see Fraser: Jour. Phys. Chcm , 24, 741 (1920). 
2 See also Fulmer. Jour Phyv‘<. Chem , 25, 20 (1921), 
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Retardation due to Lack of Bios 

In solutions containing 5% wort, the logarithmic formula 
holds up to log C = 2 . 5 or 2.6 only, and in solutions containing 
1 . 0% wort the retardation begins at log C = 1.7, long before 
the amount of alcohol formed could exert any influence. There 
was obviously plenty of sugar and salts, and continual aeration 
was assured by the splashing in the rocker; H. Brown has 
shewn, moreover, that when the oxygen supply is deficient 
the logarithmic formula does not hold. To remove all possi- 
bility of doubt, experiments were carried out during which 
filtered air was passed through a tube to the surface of the 
liquid while rocking, bubbling air through the liquid made too 
much froth ; in these, the cells seemed to shew more tendency 
to form clusters, but the rate and yield were the same as before. 
Evidently some new factor is responsible for the retardation 
and small crop observed in these media. 

In a paper entitled “Nouvelle substance indispensible au 
developpement de la levflre” published in 1901,* Dr. E. 
Wildiers “affirms that yeast-water contains a substance in- 
dispensable to the development of yeast,* and proposed for it 
the name “Bios.” He established certain of the chemical and 
physical properties of the new substance, shewed that it was 
contained in wort, extract of meat, and commercial peptones; 
and that it disappeared from the culture medium when yeast 
was grown therein. This last observation was confirmed in 
1904 by Amand,* who also confirmed and extended the ob- 
servation of Kossowicz^ that bios, “or at all events a substance 
which has the same influence on yeast cultures,” is formed 
in the culture liquids of many microbes. In 1906 Devloo® 
added largely to Wildiers experiments on the behaviour of 

> La Cellule, 18, 313 (1901). 

* Bachmann: Jour. Biol. Chem., 39, 235 (1939), finds that different 
yeasts vary in this respect. Fulmer; Jour. Am. Chem. Soc., 43, 191 (1921), has 
grown yeast for 10 months in a medium formed from salts, sugar and water. 

>La Cellule, 21, (2) 327 (1904). 

* Zeit. landwirtschfl. Versuchswesen in Oesterreich, 1895, and 1903, VI. 

‘ La Cellule, 23, 361 (1906). 
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bios with reagents, and shewed that this substance is contained 
in the extracts of opium, belladonna, ergot, nux-vomica, 
quinia, and squills, in commercial lecithin, and in bile. In 
1919, Williams^ working with single yeast-cells by the hanging- 
-drop method, shewed that bios is contained in protein-free 
milk, in wheat germ, in lactose (as an impurity^) and in pan- 
creas tissue; from these results, and from a study of its heat 
stability and behaviour towards reagents, he concludes that 
the substance now commonly referred to as “water soluble 
vitamine” is nothing but Wildiers’ bios. Bachmann (loc. cit.) 
and Eddy and Stevenson® agree with this conclusion; Fulmer^ 
does not. 

In view of the work of Wildiers and his successors, it 
seems reasonable to ascribe the retardation of the rate of 
reproduction of yeast in solutions containing low percentages 
of wort to the exhaustion of the bios from the solution. 
That bios is removed from the solutions under like circum- 
stances has already been proved by Wildiers and by Amand; 
the results of Fig. 1, which shew that almost up to the last 
moment the rate of reproduction follows the logarithmic 
formula, seem to require that its removal should be rapid 
and complete. To test this conclusion, 50 cc portions of pure 
wort and of 10% wort were shaken in the rocker each with 
4 g twice washed yeast-cake, the count was thus about C = 
2000;® after shaking at 25° C for 30 minutes, and again after 
shaking for three hours, portions were pipetted out, freed from 
cells by filtration and from alcohol by distillation at low pres- 
sure, made up to the original volume with water, seeded to 
a count of 1 . 0, and put back in the rocker. After 24 hours the 
counts were: 

> Jour. Biol. Chem., 38, 465 (1919). 

® It is also contained in impure maltose, Kluyver : Biochem Zeit , 52, 480 
(1914); Kita: Zeit. Garungsphysiol, 4, 321, Chem. Abs., 8, 3809 (1914). 

» Jour. Biol. Chem., 43, 295 (1920). 

* Jour. Am. Chem. Soc., 43, 186 (1921). 

® The count remained constant; even after shaking for ten hours no bud- 
ded cells could be found in the 10% wort, and but one or two in the 100% wort 
out of several thousand examined. 
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Table H 


100% wort 

with yeast 

30 minutes 

Final count 

950 

100% wort 

with yeast 

3 hours 

Final count 

820 

\i)% wort 

with yeast 

30 minutes 

Final count 

90 

10% wort 

with yeast 

3 hours 

Final count 

16 


Each portion of yeast cake was washed twice with 20 cc of 
water and centrifuged; the washings were used instead of 
water to make up an artificial medium (by addition of salts 
and sugar, see p. 48). This medium was seeded and rocked 
like the others; the count after 24 hours was about 25 or 50, the 
cells were badly bunched. 

Estimating the bios as described in the following section, 
and calling the concentration of bios in pure wort 100, after 
shaking with the yeast for half an hour the concentration has 
fallen to 85, and after three hours to 5. The concentration 
in 10% wort will be 10, after half an hour with the yeast it 
has fallen to 1, and after three hours to zero. Praetically 
no bios was contained in the yeast washings. 

Estimation of Bios 

Wildiers, Amand, and Devloo determined the maximum 
amount of carbon dioxide evolved per day when 1, 2, 8, etc. 
cubic centimeters of yeast-water were added to a standard 
solution of sugar and salts; by measuring the gas evolution 
when an unknown substance was added to the artificial medium, 
the number of “units of bios” it contained could be determined. 

'I'he “vitamine” contents of various extracts were com- 
pared qualitatively by Bachmann, who measured the gas 
evolved; by Williams, who counted the yeast crop from a single 
cell in a hanging drop; and by Eddy and vStevenson who 
sealed in a glass tube and incubated minute quantities of the 
“vitamine” solution and of a suspension of yeast in Naegeli’s 
artificial medium. In no case was it attempted to reduce the 
comparisons to a quantitative basis, i. e., to express the results 
in units of bios. 

The objections to the gas method have been pointed out bj' 
Eddy and Stevenson; the cell counting method can be put 
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on a quantitative basis by 
means of Fig. 4, which gives 
the yeast crop obtained in 24 
hours under the conditions of 
my measurements. It is ob- 
vious that the first part of 
the curve (up to 5% or 
wort) is the most suitable for 
the pur|)ose, and that for final 
determinations the bios solu- 
tion should be suitably dilu- 
ted. Mr. Lucas has found this 
curve useful in enabling him 
to estimate the losses incurred 
at each step of an attempt 
to isolate bios from the naturally occurring substances which 
contain it. 

Carlson’s maximum yeast crops in wort diluted with water 
were much less affected by the dilution than in my experiments 
where artificial medium was used as diluent. From Fig. 4, 
it appears that when a constant volume of wort is diluted to 100 
times its volume with artificial medium, the yeast crop is 
multiplied by «S; according to Carlson’s results, if water be 
used as the diluent the factor is 2. I measured the rate of 
reproduction in 50^^v, wort in which the dilution was effected 
by adding water, and found both rate and yield substantially 
the same as when artificial medium had been used; thus the 
smaller crops found by Carlson with high dilutions can only 
be ascribed to lack of sugar during the later stages of the 
fermentation. 

’ Delbrueck^ has affirmed that the crop of yeast in wort may 
increase with increase in the amount of yeast used as seed. 
Carlson denied this on the evidence of experiments in which the 
initial count “varied in the ratio of 1:10:1()()“- -but never 
reached twenty percent of the final crop. In my own work, 
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Wochenschr Brauerei, 1884 , 381, quoted by Carlson. 
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from initial counts of C = 1.0 to C = 100 and even higher 
I always found the same final yield of C = 1300. When the 
wort was seeded from a yeast cake to C = 2000 no reproduction 
took place and only a very little budding; but when wort was 
seeded to a count of 1600 with “normal” yeast and incubated 
in the rocker, a final crop of C = 2700 was obtained. In 
the presence of this large seeding, alcohol was rapidly formed; 
at the end of the first hour the concentration was 1 . 84% and 
at the end of the second hour 3 . 76% ; but as during almost the 
whole of the first hour the alcohol was below the retarding 
concentration, and there was plenty of sugar bios and air, 
it is not surprising that the yeast should grow, and it did. 

Crowding 

Here and there in the literature may be found indications 
of the belief that the mere presence of a large number of cells 
in a small volume of nutrient liquid may have some direct 
effect in hindering reproduction apart altogether from the 
indirect effects due to lack of food circulation, formation of 
alcohol, removal of bios, etc. Carlson, for instance says “it 
may happen that for lack of space no cell division occurs” 
and quotes Hayduck' in support. 

To study this, 50 cc of wort in a flask standing in the 
thermostat was seeded with active yeast to an initial count of 
C = 800; throughout the experiment stirring and aeration 
were effected by a current of filtered air blown through the 
liquid, and a continuous stream of fresh wort (155 cc in all) 
ran in from a tap-funnel, while the volume of liquid in the flask 
was kept approximately constant by continually removing the 
excess through a filter. The filter consisted of a thistle funnel 
over the head of which was tied a piece of fine copper gauze, 
this was covered with a layer of fine linen, and outside of all 
a layer of hardened filter paper; joints were tightened by 
brushing with a solution of paraffin wax in ether. The stem 
of the funnel was connected to an air-pump by way of a pump 
bottle containing a little phenol to sterilize the filtrate. Very 

' Wochenschr. Brauerei, 1911, 231. 
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few cells got through the filter, and after 5 hours the count in the 
fermentation flask had risen to 5()()()— the logarithmic formula 
calls for 5300. Considering that for part of the time the 
yeast was collected as a thick cake on the under side of the 
filter paper, it is obvious that if other circumstances arc 
propitious, "crowding” has but little efTect. 

Summary 

If wort be seeded with" normal” actively budding yeast 
cells {Sacch. cerev. race F), and the culture be properly shaken 
and aerated, at 25° C the rate of reproduction follows the 
"logarithmic formula” log C/Co = O.KiO t, from the moment 
of seeding until the crop reaches one hundred million cells per 
cubic centimeter, whether the seeding be 5 cells or 8 million 
cells per cc or even more. At this point the solution contains 
1 .8 g alcohol per 100 cc. 

When the concentration of alcohol exceeds l.S'^’/, the 
constant k of the logarithmic formula must be replaced by a 
function of the percentage of alcohol, viz: k = 0.2774 — 
0.0800% + 0 008543 (%)", which holds from 1 8 to 5.0%. 

The crop of yeast reaches its maximum, about 325 million 
cells per cc, in about 24 hours: this maximum is independent of 
the seeding up to 25 million cells per cc ; but if the wort be seeded 
up to 400 million cells per cc, the crop may reach 075 million, 
this difference is to be ascribed to lower content of alcohol. 

If wort be diluted with an artificial medium made up from 
sugar and salts, the rate of reproduction is the same as in pure 
wort; the maximum crop is also the same provided that the 
culture medium contains at least 10% of wort. In solutions 
containing less wort the rate is the same as usual, but the 
maximum crop is less ; this must be ascribed to lack of bios in 
the culture liquid. 

Quantitative measurements of the maximum crop can be 
used as a convenient means of determining bios. 

Washed yeast cake rapidly absorbed bios from wort; if 
enough yeast is used the removal is practically complete, and 
the cells do not bud. 
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Under the conditions specified above, the rate of repro- 
duction is independent of the concentration of sugar and of 
bios; it is independent of the concentration of alcohol until 
this reaches 1 . 8 grams per 100 cc. The assumptions underlying 
Carlson’s formula for the rate of reproduction arc thus without 
foundation. 

This work was carried out in the chemical laboratory of the 
University of Toronto during the winters of 1018-1921, under 
the direction of Prof. W. Lash Miller. 

University of Toronto 
July, ig2i 



‘ THE WATER-PROOFING EFFICIENCY OF vSOME BI- 
AND TRIVALENT vSALTS OF HIGHER FATTY 
ACIDS” AND THEIR ADvSORPTION BY THE 
FIBRES OF PAPER 

BY SHANTI SWARUPA BHATNAGAR 

The investigation, part of which is described here, origi- 
nated from the demands that persistently arose during the 
war for water-proofing materials suitable for manufacturing 
paper-made substitutes for basins and surgical limb baths. 
These substitutes for enamelled ware were very handy and 
light and could be produced quite cheaply. Various materials 
like copper-ammonium salts and cellulose solutions were 
tried and found useful. Certain bi- and trivalent salts of 
oleic, linoleic, palmitic and stearic acids were also tried and 
effectively used for the purpose. The knowledge about these 
salts is mainly restricted to patent literature, and as far as 
the author is aware their chemistry is not fully worked out. 
In this paper no attempt will be made to show that the bi- 
and trivalent soaps obtained by precipitation methods are 
not pure chemical compounds, but complex adsorption com- 
pounds, and only the results concerning the water-proofing 
efficiency of some of the more important bi- and trivalent 
soaps will be described. 

Experimental 

Preparation oj Soaps . — In order to obtain the bi- and tri- 
valent salts of oleic acid, a saturated solution of Kahlbaum’s 
vSodium Oleate was prepared and solutions of bivalent and 
trivalent electrolytes were gradually added to precipitate the 
soap. With different strengths of the precipitating electrolyte 
the composition of the precipitate varied. The strength of 
electrolytic solutions in these cases was always one required 
for simple chemical action. In case of stearic, palmitic and 
linoleic acids the salts of these fatty acids were first prepared 
by the action of alcoholic potash and the soaps so obtained 
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were dried and purified in an evacuated desiccator, according 
to the method of McBain.' The bi- and trivalent salts of 
these acids were obtained by precipitation methods as 
described above. 

There are two methods in which the bi- and trivalent salts 
of higher fatty acids can be conveniently utilized for water- 
proofing paper. First by giving a surface coating of the soaps 
by a brush or a like device. In order to do that a fairly thick 
paste of the soaps in suitable solvents is prepared in a glass 
mortar and this paste is painted on the surface of the paper 
by a moving roller or a painter’s brush. The great disadvantage 
of this method is that after some time cracks appear on the 
surface of the coating. Some of these cracks are so fine that 
they cannot be detected by the naked eye and the water still 
leaks out through them. It is no doubt true that cracks do 
not appear quite so quickly in some cases, especially when the 
coating is very light and a suitable soap and solvent have been 
used. These special combinations of the soaps and the sol- 
vents are mentioned later on. In handling and trans- 
porting these basins made from cardboard or wood-pulp and 
so treated, cracks do invariably make their appearance on 
the surface of the paper, and their efficiency as utensils for 
containing water is completely destroyed. 

The second method which entailed a considerable re- 
search on the question of solubilities of these soaps in various 
solvents was found to be more successful. The method con- 
sisted in dipping the paper vessel in a solution of the soap 
in an organic solvent. The solution penetrated the pores of 
the vessel and a slight amount of the soap was adsorbed at the 
surface of the pores, thus giving a thin uniform coating of the 
soap on the surface and making it water-proof. 

As the point of view of cost was of special importance 
in the problem, cheap and easily available solvents like crude 
benzole, turpentine and methylated spirit alone were ex- 
amined at that time. 


^ Trans. Faraday Soc., 9, 99 (1913). 
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In order to investigate the water-proofing efficiency 
of the soaps they were first dissolved in various solvents and 
filter papers of equal weight were dipped in equal quanti- 
ties of solution containing known and equal amounts of soap 
for equal times. The filter papers after being treated in this 
fashion were dried by passing hot air. When dry they were 
attached by means of a strong thread to the end of small 
funnels having long graduated stems. The funnels were 
then filled with distilled water at room temperatures (20°- 
21° C) up to a definite mark on the stem and the amount 
of water which passed out in 48 hours was read on the grad- 
uated stems. The paper which allowed the least amount 
of water to ooze out was considered to be the best water- 
proofed. Some of the results are shown in Tables I and II. 

Some preliminary experiments with the barium and cal- 
cium salts of these fatty acids and some heavy metal soaps of 
stearic and palmitic acids showed very little water-proofing 
efficiency due to their solubility. For the same concentra- 
tion of the solution irrespective of the solvent the order of 


Table I 

Time for which the Papers were kept in Solution — (15 Mins. 


Soap 

Quantities 
in gms, ^'c 

Solvent 

Mark on 
which the 
water lay 
at the com- 
mencement 

Mark at 
the end 
of 48 
hours 

Amount 

flowed 

Aluminium Oleate 

.198 

Benzole 

30 

18 

12 

Zinc Oleate 

2 

Benzole 

32 

30 

2 

Mg Oleate 

2 

Benzole 

32 

30.4 

1.6 

Copper Oleate 

2 

Benzole 

32 

31 .89 

0.1 

Lead Oleate 

2 

Benzole 

32 

18.6 

13.4 

Copper Linoleate 

^201 

Benzole 

32 

31 .8 

0 2 

Mn Linoleate 

.201 

Benzole 

32 

28.4 

3.6 

Zinc Linoleate 

.200 

Benzole 

32 

29.0 

3.0 

Nickel Oleate 

2 

Benzole 

32 

31 

1 

Nickel Linoleate 

,2 

Benzole 

30 

28.2 

1.8 

Mg Linoleate 

2 

Benzole 

30 

28.0 

2.0 

Zinc Linoleate 

*2 

Benzole 

32 

28.0 

4 0 

Aluminium Lin- 
oleate 

.2 

Benzole 

32 

18.0 

14.0 
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Table II 


vSoap 

Quantities 
in gms, 

Solvent 

Mark at 
com- 
mence- 
ment 

Mark at 
the end of 
48 hours 

Amount 

flowed 

Aluminium Oleate 
Aluminium Lino- 

.15 

Turpentine 

32 

18 

14 

leate 

.15 

Turpentine 

32 

14 

18 

Copper Oleate 

.15 

Turpentine 

30 

28.1 

1 . 1 ) 

Copper Linoleate 

.15 

Turpentine 

30 

28 

2.0 

Zinc Oleate 

.18 

Turpentine 

31 

28 

3.0 

Zinc Linoleate 

.18 

Turpentine 

30 

20 

4.0 

Nickel Oleate 

.18 

Turpentine 

32 

30 

2.0 

Nickel Linoleate 

.2 

Turpentine 

31 

20 

2.0 

Mn Linoleate 

— 

Turpentine 

30 

21 

9 


efficiency was Copper Oleatc, Mg Oleate, Copper Linoleate, 
Mg Linoleate, Nickel Oleate, Nickel Linoleate, Zn Oleate, 
Zn Linoleate, A1 Oleate, Lead Oleate. 

Effect of the Concentration of the Solution and the Time 

On varying the concentration of the solution, it was 
found that the greater the concentration the greater the 
efficiency of the solution in making the paper water-proof. 
This was supposed to be due to the fact that the adsorption 
of the soap on the fibres of the paper had increased due to 
the increase in concentration, and some experiments were 
performed to find how this adsorption varied according to the 
concentration and time. In order to see if this supposition 
was correct solutions of different strengths were prepared and 
known quantities of them were put in wide-mouthed stoppered 
jars and fairly large sheets of thick filter paper (about 6 x 10) 
weighing 2 gms of similar texture were rolled and put in the 
jars. When noting the effect of time on the adsorption of 
the soap on the fibres of the paper, six jars containing equal 
volumes of a solution of known strength were selected and the 
sheets of filter paper were dipped in them as described above. 
From the first jar 150 cc of the solution were taken out and 
evaporated on a weighed crystallizing basin after half an 
hour, from the second after one hour, from the third after an 
hour apd a half and so on. The decrease in the amount of 
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dissolved substances noted by weighing the crystallizing 
basins after evaporation gives a fair idea of the amount of soap 
taken up by the filter paper. A few check experiments were 
made by analyzing the solutions in different jars and the re- 
sults obtained by the two methods were in satisfactory agree- 
ment. vSome of these results are shown in Tables III, IV, 
and V. 


Table III 


Time 

Amount adsorbed by the filter paper from Coppei 
Oleate Solution in benzole 

.‘^0 Aliriules 

0.09 

()() Minutes 

0.110 

90 Minutes 

0. IIS 

120 Minutes 

0.127 

150 Minutes 

0.130 

1<S0 Minutes 

0.130 


Table IV 


Time 

Amount of Al Linoleatc adsorbed by the filter paper 
from solution in turpentine 

30 Minutes 

0 0()9 

()0 Minutes 

0 079 

90 Minutes 

0.080 

120 Minutes 

0.082 

150 Minutes 

0.0S2 

ISO Minutes 

0.082 


Table V 

Time 

Amount adsorbed by the filter paper from Zinc 
Linoleate Solution in turpentine 

30 Minutes 

0.007 

00 Minutes 

0.070 

90 Minutes 

0.072 

120 Minutes 

0.078 

150 Minutes 

0 078 

180 Minutes 

0 079 


It is easily seen from these results that the adsorption is 
greatest in the first hour, and reaches a state of equilibrium in 
120 minutes. The rate of adsorption is different with different 
solutions; but a state of equilibrium is always reached be- 
fore or soon after 120 minutes. 
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The effects of concentration with different soaps have been 
shown in Tables VI-IX. 

The figures in the last column represent the amount of 
soap adsorbed by one gram of filter paper. The terminology 
of Freundlich has been preserved and unless otherwise men- 
tioned, a represents the original total amount of the solute 
before adsorption, and therefore a/v the original concentra- 
tion of the substance, and x amount adsorbed if m grams of 
the filter paper are employed. Then xlm is the amount ad- 
sorbed per gram. 

Table VI represents the original concentration of the solu- 
tion, the concentration after adsorption, the amount adsorbed 

a — X 

by 2 gms of filter paper and the and xlm calculated from 

j) 

these figures in case of Copper Oleate and the solvent being 
benzole (density 0.76). 


Table VI 

Copper Oleate in Benzole 


Original concen- 
tration Copper 
Oleate per 1000 
cc of solvent 

Concentration 
after adsorp- 
tion per 1000 
cc 

Amount ad- 
sorbed by 2 
gms from the 
solution 

a — x 

V j 

Concentration 
per cc after 
adsorption 

X 

m 

Amount ad- 
sorbed per gm 

6.338 

6.2 

0.138 

0.0002 

0.0()0 

12.164 

12.0 

0.1(34 

0.012 

0.082 

24.212 

24.0 

0 212 

0.024 

0.1064 

38.258 

38.0 

0.258 

0.038 

0.1292 

48.274 

48 

0.274 

0.048 

0.137 

60.29 

60 1 

0.288 

0.060 

0 144 


Table VII 

Copper Linoleate in Turpentine 


11.180 

ll .( K )0 

0.18 

O.Olt 

0.087 

12.485 

12.310 

0.185 

0.0123 

0.089 

15.295 

15.10 

0.195 

0.0151 

0.095 

17.498 

17.30 

0.198 

0.0173 

0.099 

21.200 

21.00 

0.20 

0.021 

0 105 

22.501 

22.30 

0.201 

0.0223 

0.107 

24.210 

24.00 

0.21 

0.024 

0.109 

26.22 

26.00 

0.221 

0.026 

0.112 

29.23 

29.00 

0.239 

0.029 

0.126 




The Water-Proofing Efficiency, Etc, 


67 


Table VIII 

Nickel Oleate in Turpentine 


Original concen- 
tration Nickel 
Oleate per 1000 
cc of .solution 

Concentration 
after adsorp- 
tion per 10(K) 
cc 

Amount ad- 
sorbed by 2 
gms from the 
solution 

a — x 

V 

Concentration 
per cc after 
adsorption 

X 

m 

Amount ad- 
sorbed per gm 

5.09S 

5.01 


().()()51 

0 049 

1().18() 

10.01 

0.120 

O.Ull 

0.003 

15.108 

15.03 

0.138 

0.015.3 

0.009 

18.188 

18.04 

0.148 

0.0184 

0.074 

20.540 

20.01 

0.153 

0 020 

0.070 


Table IX 

Zinc Oleate in Benzole 


5.12(*> 

5.00 

0 120 

0.005 

0.003 

7.3M 

7.2 

0.144 

0.007 

0.072 

8.248 

8.1 

0 148 

0.0081 

0.074 

9 058 

9.5 

0.158 

0 0095 

I 0 079 


vSomewhat similar results were obtained with the following 
salts in methylated spirit, though it was found that these solu- 
tions gave results which were not so satisfactory for efficiency 
of water-proofing as in case of benzole and turpentine: A1 
Oleate, Mg Oleate, Mg Linoleate, Copper Oleate, and Copper 
Linoleate; and with Zinc Oleate, Aluminium Oleate, Alumin- 
ium Linoleate, Mg Oleate, Mg Linoleate and Lead Oleate in 
benzole and turpentine. The figure for soaps used in actual 
practice alone have been given. A mixture of Zinc Oleate 
and Zinc Linoleate in equal proportion was used ; the results 


are shown in Table X. 

Table X 


Concentration 
per cc 

.V 

m 

0.0008 

0.0807 

0.0075 

0.090 

0.0081 

0.093 

0.0099 

0.098 


Methods of making the Paper Basins 

Before entering into the discussion of results described 
in this paper, a very brief reference will be made to the various 
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methods employed in making these basins. A considerable 
amount of time was spent in deciding as to which method was 
the most convenient and efficient and the details of investi- 
gation regarding this question will not be entered into in this 
paper. The following three methods were generally employed : 

(1) Basins made from thick cardboard : The basins were 
quite handy and well shaped ; but after some days, the water 
began to leak out from the corners. 

(2) Basins made from moist paper-pulp: These basins 
were extremely well shaped and could be easily made of any 
shape on a potter’s wheel, and the defects of leakage at the 
corners were thus minimised ; but they required a lot of solu- 
tion before the state of equilibrium was reached as the solution 
penetrated inside the rather thick walls of the vessel. 

(li) In order to avoid this, thin-walled basins were so 
constructed as to allow the one to fit into the other rather 
loosely. The space between the two was padded by scraps 
of waste-paper. This strengthened the walls, and the outer 
and interior crests alone had to be water-proofed. The mouth 
of the vessel was plastered with paper-pulp and the edges were 
smoothed by painting a thick paste of the soaps in suitable 
solvents. It has been pointed out that a coating like this is 
liable to crack. It was found that pastes of most of the soaps 
in methylated spirit did invariably crack. The best soaps for 
this purpose were those which were gummy, and of a curd-like 
structure, and the bevSt solvent was benzole. Copper Oleate 
and Linoleate and Ni and A1 Oleate and Mn Linoleate were 
found very serviceable. 

The reason for the appearance of cracks in case of pastes 
made in methylated spirit may be attributed to the fact that 
some of the soaps when evaporated from alcoholic solutions 
assume crystalline structure. To this fact may also be at- 
tributed the inferiority of alcoholic solutions of these soaps 
for water-proofing filter papeis. 

Discussion of Results 

A large amount of data on adsorption questions obtained 
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by Freundlich/ Schmidt,^ MacBain,® Davis, Walker and 
Appleyard, Briggs,'* bears suppport to the well-known empiri- 
cal equation put forward by Freundlich 



m 


where x and m have the same meanings as described above, 
and c denotes the final concentration and B and n are two con- 
stants. 

A few of the results not described before, and the results 
of Table VI are plotted in curves in Figs. 1-3. The shape of 



Fig. 1 Fig. 2 


the curves resembles the typical adsorption curves. The best 
test of the validity of the adsorption law is to plot the logs of 
the concentrations against the logs of X; m; if the law holds 
these ctuwes are straight lines. Figs. 4-5 show that this is 
very nearly the case in some of the experiments described 
here. 

* "Kapillarchcmie,” 1909; Zeit. phys. Chem., 59, 284(1907); Kolloidchem. 
Beihefte, 6, 297 (1914), etc. 

2 Zeit. phys. Chem., 91, 103 (1916). 

* Trans. Faraday Soc., 9, 99 (1913). 

* Jour. Phys. Chem., 19, 210 (1915). 
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For the sake of closer comparison some of these results 
are gathered together in Table XI. 


Table XI 


Concentration 

Constant 

B 

Constant 

ft 

X 

m 

found 

X 

m 

calculated 

0.0071 

— 

— 

0.120 

0.119 

0.0092 

0.4 

4.1 

0.129 


0.012 

0.4 

— 

0.187 


0.015 

0.4 

— 

0.142 


0.005 

— 

— 


0.047 

O.Ol 

0.34 

2.7 

0.078 

0.076 

0.015 

— 

— 


0.070 

0.018 

— 

— 

0.077 

0.079 

0.02 

— 

— 

0.080 
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These results seem to show that Freundlich’s equation 
fqr the adsorption isothermal holds, and that besides the 
nature of the soap and the solvent, adsorption plays an im- 
portant part in the process of water-proofing paper. If a proper 
soap solution and a suitable kind of paper-pulp are selected the 
rather expensive method of making the paper fibre water-proof 
by giving a thin coating of the water-proofing material by a 
brush can be replaced by the adsorption process described 
here. Considering the saving in material the results ob- 
tained are fairly efficient, and the defects of the crack-for- 
mation which are so ruinous to the efficiency of the basin 
as a water-proof utensil are also obviated in this process. 

Summary 

1 . The water-proofing efficiency of a large number of bl- 
and trivalent soaps has been determined. 

2. The adsorption of these soaps by the fibres of thick 
filter paper has been investigated. 

3. It is shown that Freundlich’s empirical rule holds 
good in several cases. 

4. The methods of making water-proof basins have been 
briefly described. 

5. The usefulness of adsorption process for water-proof- 
ing paper has been described. 



THE SCATTERING OF EIGHT: NOTE ON WOESKI’S 
PAPER ON OPTICAEEY EMPTY LIQUIDS 


BY PRANK B. KENRICK 

P. Wolski^ has recently described experiments in which 
he filtered water and other liquids through collodion filters 
and in this way obtained liquids which showed no bright 
specks under the ultra-microscope. In expressing these re- 
sults, however, he uses language which is capable of a very 
different interpretation from that which is justified by his ex- 
periments. He says “the water had become completely 
optically empty,” and (in his final conclusions) “therefore 
the bright specks and scattering phenomena observed up to the 
present time result from the presence of a foreign substance.” 

In view of these statements it seems necessary once more to 
make clear that, as found by Martin,^ the motes in a liquid may 
be removed by several different methods ; distillation without 
ebullition, cataphoresis, and envelopment, but that there still 
remains a light-scattering which is constant in intensity irre- 
spective of the method of purification. No doubt filtration 
through collodion is also an effective method for removing 
motes, and it seems likely that the liquids filtered in this man- 
ner would be .similar in light-scattering property to the same 
liquids after treatment by distillation without ebullition, etc. 

That the “bright specks” described by Wolski are the 
same as the “motes” referred to above, and must be care- 
fully distinguished from the light-scattering of dust-free media 
is, I think, conclusively shown by the following experiments. 

In the exhausted apparatus. Fig. 1, water can be dis- 
tilled without ebullition from bulb A into bulbs B and C, and 
rinsed back repeatedly until it is dust-free. The long tube 
connecting B and C has a length of thin-walled, much flattened 
capillary tube sealed in at D, in such a position that its con- 

* KoUoidchemisdie Beihefte, 13 , 137 (1920). 

• Chem. Abstracts, 8, 3739 (1914). 



The Scattering of Light 


73 


tents may be viewed in the ultra-microscope. A drop of cedar 
oil was placed between the tube D and the glass prism E used 
for indirect illumination. A converging beam of sunlight, 
directed by a heliostat and passing through a cell of water was 
used in all the experiments. The flow of water through D 
was produced and controlled by a slight tilting of a board on 
which the whole apparatus, including the microscope, was 
fixed. The approximate number of motes per cc of liquid 
was estimated from the number of light discs seen crossing 
a field of known size in a given time, the rate of flow of the liquid, 
and the depth of focus. The 
dimensions of the field covered 
by a square etched on a glass 
plate in the 12x eyepiece were 
0.085 X 0.075 cm. The depth 
of focus, i e., the distance the 
objective (10 mm focus) could 
be raised or lowered while 
an average sized light disc 
remained easily visible was 
0.0060 cm. The rate of flow 
was estimated by the average 
of the times required for a i 

light disc to cross the field at the beginning and at the end of 
the count. If no discs passed the rate was taken from other 
experiments in which the board was given the same tilt. The 
flow was adjusted so that the discs took from Vz to 5 seconds 
to cross the field and the counts ranged from about 50 to 0 per 
minute, in the different experiments. 

Results. - -Ordinary distilled water gave about 2 X 10^ 
light discs per cc. Wolski found 29,000 so it is evident that 
he and I are looking at the same thing. The relative light- 
scattering of this water was 0.7 (benzene = 1) after two dis- 
tillations the number was 1 X 10® and the scattering 0.12; 

‘ Measured by Mr. Martin in his apparatus described in Jour. Phys. 
Chem., 24, 478 (1920). 
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after eight' distillations no more discs were seen, and the scat- 
tering was 0.07. The scattering is obviously not proportional 
to the number of motes; in fact the values are as would be 
expected on the assumption of a constant light-scattering by 
the mote-free liquid (0.07) with an additional scattering pro- 
portional to the number of motes (no. of motes per cc 3X 10“®). 

The distillation, therefore, removes the ultra-micro- 
scopic particles just as Wolski’s filter does, but the liquid still 
scatters light, as was shown by Martin in 1913. 

Experiments to determine the actual scattering of water 
filtered through collodion are in progress. Preliminary ex- 
periments in which the collodion film was formed on a fine 
brass gauze soldered into a copper funnel showed that a spec- 
imen of water filtered under a pressure of about one atmosphere 
at the rate of 50 cc per hour was optically empty in the sense 
that no motes were visible in Martin’s light-scattering ap- 
paratus, but that it still showed the familiar blue haze seen 
in all dust-free liquids. It is hoped that Wolski’s method of 
filtering will make it possible to extend the scope of the meas- 
urements of light-scattering to solutions of non-volatile sub- 
stances to which the method of purification by distillation 
has not been applicable. 

1 It was harder to rinse out the motes from this apparatus than from 
Martin’s plain bulbs. 

Chemical Laboratory 

University of Toronto 
May, JQ2I 



THE SCATTERING OF LIGHT BY DUST-FREE 
LIQUIDS. II 


BY W. H. MARTIN AND S. LEHRMAN 

1. Hodifleations in the Method 

Measurements of the light scattered by dust-free liquids 
were previously* made in round bulbs. Such bulbs had a 
considerable disadvantage in that they acted as lenses, the 
power of which varied with the contained liquid; so that the 
exciting beam of light was converged to a different degree by 
the various liquids. This difficulty was mentioned in the 
former paper, but it is only since then that a method has been 
found to overcome it. 

Gibson and Argo- have described' a method of sealing a 
flat glass plate into a round glass tube, with no distortion of 
the plate save at the edges. Following the directions given 
in their paper, it was possible 
after practice to seal a flat 
plate cut from a microscope 
slide into a lead glass tube. A 
cross-shaped container (Fig. 1) 

■with arms about 1 .5 cm diam- 
eter was thus constructed, 
which replaced the round bulb 
formerly used. Such a con- 
tainer had a small volume 
(about 20 cc)and when painted 
black on the outside permitted 
very little “parasite” light to reach the observer’s eye. 

The crosses were kept hot with a soft Bunsen flame 
till all four ends had been sealed in ; then annealed for two 

■Jour. Phy.s. Chem., 24 , 478 (1920). 

» Jour. Am. Chem. Soc., 40 , 1327 (1918). See also Jour. Opt. Soc. Amer., 
4 , 496 (1920), and Trans. Faraday Soc., 12 , 305 (1916). 
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hours at 476° in an electric oven and cooled overnight to 
room temperature. Occasionally after completion and with- 
out apparent cause a plate would crack. Always sudden 
change of temperature, and often even gradual change of 
temperature cracked a plate. However a dozen or more such 
crosses have been successfully made and used. 

It proved more difficult to make the crosses from soda- 
glass tubing. One soda-glass cross was successfully made, 
but one of its plates cracked after having been made for ten 
days. Evidently the glass of which the plates were made had 
a somewhat different coefficient of expansion from that of the 
tubing. Various annealing temperatures up to that at which 
the glass distorted did not overcome the difficulty. 

Finally it was found that the crosses could be made quite 
easily from pyrex plates and tubing. The plates were made 
from the bottom of a pie-plate of pyrex oven-ware, ground to 
the required thickness of about 2 mm and polished by an 
optical company. It proved to be very easy to make the 
seals from such plates, even with no special annealing. The 
apparatus not only had great mechanical strength, but such 
sudden changes of temperature as plunging into liquid air 
or boiling water did no harm. The seals, when made with a 
dentist’s blow-pipe burning gas with air. were quite vacuum- 
tight. The use of pyrex glass evidently solves all difficulties 
in the making of such a seal. 

The liquids were rendered free of dust by the method of 
distillation described in the former paper (Fig. 1). Only 
slight modifications were made in the apparatus for measuring 
the light-scattering. A “Pointolite” tungsten-arc lamp proved 
to be a very satisfactory point source and replaced the trouble- 
some carbon arc. The piece of paper which served as a com- 
parison field for the scattered light was illuminated from be- 
hind by light from the same source reflected by a series of 
mirrors. The exciting beam of light passing through the 
cross was wider than before, and the scattered light was 
observed through a slit about 0.5 cm wide. 
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2. Measurement of the Relative Intensity and Polariza- 
tion of the Scattered Light 

The liquids used were Kahlbaum’s and Baker’s C. P. 
These were fractionated once and the boiling points of the 
fractions used are given. Benzene has been chosen as the 
standard for comparison. Kahlbaum’s gold-label benzene 
for molecular weight determinations, and Baker’s C. P. ben- 
zene showed, within the experimental error, the same intensity 
of scattered light. The result was also the same whether 
the distillation was carried out in lead or in soda-glass. This 
did not, however, prove to be true for all liquids. It was 
found that water, when distilled in lead glass, scattered about 
50 percent more light, methyl alcohol about 100 percent more 
light, and ethyl alcohol 15 percent more light, than when 
distilled in soda-glass. Ether, propyl alcohol and benzene 
were unaffected by the glass, so it was taken for granted that 
this would also be true for the higher alcohols and the higher 
members of the benzene series. 

Samples of water distilled in soda-glass and in pyrex 
glass — the solubility of which is much less than that of soda- 
glass, and indeed even less than that of Jena utensil glass* — 
showed the same amount of light-scattering. In the previous 
paper it has been shown that, whether the distillation be carried 
out in soda-glass or in fused quartz, the result is the same. 
The explanation of the surprising effect of lead-glass is no doubt 
to be found in the comparatively greater solubility of this 
glass (about 10 to 15 times greater than that of soda-glass^). 

In Table I, Columns 1 and 3, are the results of the 
measurements of relative intensity and polarization of the 
scattered light for a few members of the benzene series, a few 
alcohols, and water. Similar measurements for some other 
pure liquids are given in the section on solutions. 

The results do not differ markedly from those given in 
our previous paper. The averages of various sets of readings 

' Jour. Ind. Eng. Chem , 9, 1092 0917). 

* Ber. dcutsch. chem. Ges., 24, 3561 (1891). 
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Table I 


12 3 


Liquid 

B. P. 

Rel. int. sc. light 
(benzene =*= 1) 


Int. in plane of 
pol’n X 1(X) 

P 

Int. in plane at 
rt. angles 

Benzene 

so 

1.00 

1.00 

48.4 

Toluene 

110 

1.14 

1.16 

49.0 

Xylene' 

139.3 

1.26 

1.32 

52.5 

Chlorobenzene 

132 

1.46 

1.29 

53.9 

Methyl alcohol 

66 

0.191 

0.161 

7.1* 

Ethyl alcohol 

78 

0.200 

0.289 

7.8 

n-Propyl alcohol 

97-98 

0.260 

0.429 

8.5 

Isobutyl alcohol 

107 

0.280 

0.564 

8.5 

Isoamyl alcohol 

129-130 

0.298 

0 ()9() 

9.0 

Water 

— 

0.068 

0.074 

6.7* 


show greater uniformity than before, and seem to warrant a 
probable error of from ‘■i% for those liquids scattering most 
light, to 5% for those scattering less. Nothing of any im- 
portance can be added to the summary of results made before. 
Various formulae have been tried to find one which would 
best fit the experimental results. The values of 

P P ’ + 2)v’ 

where m is the refractive index, F the formula weight, , and 
p the density of the liquid, have been calculated. Of these 

(u2 _ ])2 J? 

seems the best, and the calculated values of this 

p 

expression for the various liquids are listed in Table I, Column 2. 

Cabannes* has proposed a modification of Rayleigh’s 
formula. His equation contains a factor which is an expression 
of the extent of the polarization of the scattered light; but, 
although his formula fits the observed results for gases even 
better than the original Rayleigh formula, the same cannot be 

^ A mixture of xylenes for which the refractive index and density were 
determined. 

Taken from previously published results. 

» Jour. Phys Had., (6) 1 , 129 (1920). See also Ann. Phys., 15 , 5 (1921). 
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said for liquids. His modified formula is evidently unsuitable 
for liquids, since the maximum value of our polarization factor 
(see Table I, Column 3) compatible with the theory on which 
his formula is based is 50, whereas measurements show for such 
liquids as carbon bisulphide and chloronaphthalene a value 
as great as 70. 

3. Two-component Solutions 

Using the apparatus shown in Fig. 2,^ dust-free liquids 
were prepared in the cross A and the graduated tube B by 
the method of distillation. The two parts of the apparatus 



are separated by a capillary seal -in at D. A ball of thin 
glass at the end of the capillary could be subsequently broken 
by a glass hammer, H, held in the side-arm K by a glass spring 
in the shape of a tuning-fork. On jarring the apparatus the 
spring released the hammer, which in turn broke the glass 
ball. A measured volume of the liquid in B could then be 

* It is difficult to distill directly a liquid which has been previously made 
up to a known composition. The more volatile component goes over first, and 
unless the liquid be completely distilled over, the composition of the distillate 
in the cross is unknown. Separate distillations, moreover, must be made for 
each composition, whereas with the apparatus described above as many com- 
positions as desired may be studied after one set of distillations. 
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distilled to A, the volume of which had previously been 
determined. The bulb M allowed space for thorough mixing. 
Thus readings could be taken on a series of solutions from 100 
% A to about 50% A. To complete the series a duplicate 
apparatus was made, with the liquids reversed in the containers. 
During the removal of the motes by distillation the whole 
of the side-tubes were washed carefully with the dust-free 
distillate. Generally four distillations sufficed to wash the 
dust from the walls of the tubes. 

The results for three pairs of liquids are given in the 
following tables and graphs. 

The results are given graphically in Fig. 3 with the ex- 
ception of the results of the polarization for solutions of hexane 
and cyclohexane, the polarizations of which are so nearly 
equal, that any deviation from the straight line relation might 
be attributed to experimental error. 


Components: Carbon Bisulphide and Ether 


Percent by volume 
carbon bisulphide 

Rel. int. .sc. light 
(benzene = 1) 

Int in plane of pol’n X 100 

Int in plane at rl angles 

JOO 

4.55 

71 

71 

4.30 

39.5 

47 

3.43 

30.5 

46.5 

3.60 

31.5 

44.5 

3.17 

32 

21 

1.84 

31.5 

11 

1.25 

;io 

0 

0..355 

10 


Components: Benzene and Normal Hexane 


Percent by volume 
benzene 

Rel. int. sc. light 
(benzene = 1) 

Int in plane of pornXlOO 
Int. in plane at rt. angles 

100 

1,00 

48.5 

92 

1.06 

39 

80 

1.19 

33 

61 

1.10 

27 

44 

1 .02 

28 

24 

0.77 

27 

10 

0.59 

! 18 

0 

0.40 

10 
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Components: Normal Hexane and Cyclohexane 


Percent by volume 
hexane 

Rel. int. sc. light 
(benzene ~ 1) 

Int. in plane of pornXlOO 
Int. in plane at rt. angles 

100 

0.40 

10 

77 

0.46 

9 

5.3.5 

0.48 

9 

43 

0.455 

10 

33 

0.41 

9 

10 

0.37 

8 

0 

0.31 

8 


The results show that the relative intensity of the scattered 
light for these solutions is always somewhat greater than that 
calculated on the assumption that the scattering is an additive 
property for the two liquids. This seems to be true even for 
pairs of liquids such as hexane and benzene, and also for hexane 
and cyclohexane, which when mixed form so-called ideal 



Solutions of Carbon Bisulphide and Ether. A. Relative Scattering. 
B. Percent Polarization. 

Solutions of Benzene and Normal Hexane. C. Relative Scattering. 
D. Percent Polarization. 

Solutions of Normal Hexane and Cyclohexane. K. Relative 
Scattering. 
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solutions. This is surprising in view of the fact that the 
refractive index of such solutions is apparently an additive 
property. 

Liquids which polarize the scattered light very far from 
completely show, on dilution, much more nearly complete 
polarization. In Fig. 3, A and B, the dotted lines are the 
intensity and polarization curves, calculated on the assump- 
tion that each of the components scatters light in exactly the 
same way as regards intensity and polarization as it does when 
pure. 

If the two liquids in the solution are regarded as still 
possessing their own ability to scatter and polarize light, 
modified, however, by the dilution by the other liquid, it is 
interesting to note that the general type of the above curves 
could be accounted for by the assumption that, as the con- 
centration of each liquid becomes less, its ability to scatter 
light and to polarize the scattered light increases. This 
assumption would help to collate the behavior of liquids with 
that of gases, for a comparison of our results for liquids with 
those of Strutt and Cabannes for gases shows that gases 
scatter more light, and also polarize the scattered light to a 
greater degree, than do the same substances in the liquid 
state. 


4. The Ratio of Incident to Scattered Light 


Lord Rayleigh in 1899 formulated the relations for the 
light scattered by a nearly transparent medium consisting 
of particles much smaller than the wave-length of light and 
distributed at random. His theory leads to the following 
relation : 


IfVEV 


" 1 )^ 
2« X* 


where X is the wave-length of the light, 

P the refractive index of the medium, 
n the number of scattering particles per unit volume, 
V the volume of substance under observation, 

I the intensity of the scattered light at a distance, r, in a 
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direction perpendicular to that of the exciting beam, 
E the intensity of the exciting beam itself. 

Measurement of the ratio I/E for a given wave-length of 
light leads therefore to a value of n. This value Cabannes* 
has recently determined for argon gas to be 3.08 X 10’®, a 
value in excellent agreement with the values of n for a gas 
deduced from other experiments. 


Measurement of the Ratio Ir^/EV for a Liquid. — -The diffi- 
culty of the measurement ^ is that the ratio is extremely 
small. To overcome this difficulty the ratio I/E was first 
determined for a piece of milk-glass with a ground surface. 
This was done by means of the photometric arrangement 
shown in Figure 4. 

The source of light vS was 
a mercury vapour lamp at 
equal distances from A and B. 

A, B and C, all similar pieces 
of ground milk-glass, are par- 
allel to one another and at an 
angle of 45 degrees to SB. 

The glass B is illuminated di- 
rectly by S, but the glass C is 
illuminated only by the light 
from a certain area of A out- 
lined by a circular aperture, H. 

B and C are seen side by side 
through a circular aperture, D, 
and the brightness of B is 
made to match that of C by a 
photometric wedge, W, and a 
whirling disc, K, with a small 
measured sector cut out. C 
and B were seen through two cells Q, one containing ammo- 
niacal copper sulphate and the other quinine sulphate solution, 
so that together they were transparent only to the mercury line 

' Jour Phy.s. Kad., (0) 1 , 129 (192<)). Set- also Ann. Phys., 15 , (1921). 



Pig. 4 
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4358 A. Since A and B are similar pieces of glass and equally 
illuminated, we have measured the ratio I/E for the glass A. 
The value I/E for the milk gla^ was found to be 0.00289, 
where r = 30.7 cm. The aperture N was 28.6 cm from C and 
had an area of l.bO^ir. 

Some freshly distilled carbon bisulphide^ (used because 
it scatters relatively so much light) was placed in a flat-walled 
cell and illuminated by a beam from a mercury vapour lamp. 
The intensity of the scattered light from a column of this 
liquid 2.80 cm in depth was measured and compared with that 
of the piece of milk-glass in place of the carbon bisulphide 
and at an angle of 45° to the exciting beam. When the glass 
plate was measured, the light which illuminated it traversed 
a parallel-sided glass cell filled with carbon bisulphide to com- 
pensate for the loss by reflection of the exciting light on entering 
and of the scattered light on leaving the glass cell containing 
the carbon bisulphide. The line 4358 A was isolated as before 
by absorbing solutions. 

carbon bisulphide 

The ratio — was found to be 0.00113. 

milk-glass 

Next the light scattered by the same sample of carbon 
bisulphide in a cross was compared by the usual method with 
that scattered by a sample of dust-free ether in a cross. 


The ratio 


ether (dust-free) 


carbon bisulphide 
Therefore IrVEV for dust-free ether = 
0.00289 X 0.001133 X 0.7* X 0.008 


1.5% X 11^’ X 2.80 


= 0.068. 


= 9.2 X 10““ 


Comparison with Cabannes' Measurement for Argon Gas . — 
Cabannes’ value for the same ratio Ir*/EV for argon® gas 

‘ Carbon bisulphide may seem a poor liquid to choose because it is acted 
upon by light. During the course of the experiments, however, the light-scattering 
was quite constant. Whether or not the carbon bisulphide contained impurities 
has no bearing on the conclusions drawn regarding ether and water. 

* The gas used was really a mixture of 91% argon and 9% nitrogen, but 
it has seemed unnecessary to make a correction here for this fact. The cor- 
rection would at any rate amount to only one percent. 
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at 27°, 760 mm is 1.34 X IQ-". 

Since Strutt’s' and Cabannes’ results show that, for gases 
which completely polarize the scattered light, the intensity 
of the scattered light varies as the square of the refractivity, 
therefore for gaseous ether’* calculated at 27° and 760 mm 
0.00154* 

IrVEV = Q 000‘’85* ^ ^ ^ 10 and if liquid and gaseous 

ether scattered light in proportion to their densities, the 
value of IrVEV for liquid ether at room temperature would be 
0.00154* 

5S5i8?X1.34X10->X237 
= 9.27 X lO-'^ 

The observed value is therefore about one-tenth** of the 
value calculated on the assumption that the light-scattering 
of gaseous and liquid ether are in proportion to their densities. 

Strutt has compared with gaseous ether a sample of liquid 
ether freed of dust by shaking with water. He found that such 
ether scattered one-seventh as much light as did the same 
amount of ether in the gaseous state. We find that a sample 
of ether shaken up with water scatters about 1 .7 times as much 
light as our best dust-free ether. This would make dust-free 
ether 11.9 times less than gaseous ether, a ratio in fairly good 
agreement with our ratio 10. 

It is hoped shortly to increase the accuracy of the above 
measurements, and to make similar measurements for other 
wave-lengths of light. Such measurements would put to a 
strict test the inverse fourth power law for liquids. 

The Relation of the Above Result to Some Deductions Which 
have been made regarding the Value of n for Liquid Water — 
The above result has considerable importance in relation to 

>Proc. Roy. Soc., PSA, 165 (1919). 

*Ibid. 84A, 13 (1910); Wied. Ann., 11, 70 (1880). 

* This ratio may now be easily obtained for any liquid for which we have 
given the relative light-scattering (Table I). For the various alcohols and 
aliphatic compounds the ratio is of the same order of magnitude as for ether. 
For benzene and its derivatives the ratio is about one-fifth, while for carbon 
bisulphide the ratio is about two-thirds. 
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some calculations made by Fowle/ based on certain measur- 
ments by Ewan and Aschkinass of the coefficients of absorption 
of light by liquid water.® To quote from Fowle: “For these 
wave-lengths (0.2 to 0.5 n) therefore liquid water scatters 
transmitted radiation just as would the same amount of 
water in gaseous state according to Rayleigh’s theory.” 

Now the observed ratio of the scattered light for 
water (liquid) /ether (liquid) is 0.192. 

Therefore Ir'VEV for liquid water (observed) = 

0.192 X 9.20 X 10-® = 1.77 X 10" « 

Now Ir®/EV for water vapour calculated at 27° and 760 mm 
from Cabannes’ and Strutt’s results = 


().000253® 

0.()()l)285® 


X 1.34 X lO'-** = 1.06 X 10 ’* 


Multiplying this value by the ratio of the density of liquid 
water to that of the vapour as would be required for the 
application of Rayleigh’s theory to liquid water: 

Ir®/EV for liquid water (calculated) = 

1370 X 1.06 X 10-** = 1.44 X 10 

It would appear then that a wrong interpretation has 
been placed on the results of Ewan and Aschkinass since our 
observed value is about ten times less than would be the case 
if the liquid and gas scattered light in proportion to their 
densities.® 

The conclusions drawn by Fowle are placed in doubt also 
on other grounds. The water used by Ewan in his extinction- 


‘ Smith. Mis. Coll , 69 , No. 3 (1918). 

2 Proc. Roy. Soc., 57 , 117 (1894); Wied. Ann , 55 , 401 (189,5). 

^ It seems worth while to quote here from Lord Rayleigh (Phil Mag., 
47 , 375(1899)) on the application of his formula to the light-scattering by liquids: 
"It is more than doubtful whether the calculations are applicable to such a case 
(the case of a liquid or a solid), where tne fundamental supposition, that the phases 
are entirely at random, is violated. When the volume occupied by the molecules 
is no longer very small compared to the whole volume, the fact that two mole- 
cules cannot occupy the same space detracts from the random character of the 
distribution. And when, as in liquids and solids, there is some approach to a 
regular spacing, the scattered light must be much less than upon a theory of 
random distribution.” 
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coefficient measurements was prepared by distillation in a 
block tin condenser in the presence of air and must have con- 
tained a good deal of dust. Fowle’s reason for assuming that 
all the absorption was due to scattering was that the absorption- 
coefficients for the various wave-lengths considered followed 
the inverse fourth power law. But this would also be true 
for scattering by fine dust particles. There is, moreover, no 
good reason to assume that the light of the shorter visible 
wave-lengths has no heating effect. It is indeed true that there 
are no absorption bands in this region of the spectrum; but 
there may easily be some slight heating effect general through- 
out the spectrum and increasing for the shorter wave-lengths 
so as to make no great deviation of the extinction-coefficients 
from the inverse fourth power law. 

It would be very interesting to study the light-scattering 
of some gases near the critical conditions. R. J. vStrutt gives 
results for carbon dioxide at high pressures which indicate that 
for the pressures and temperatures at which he worked the 
scattering was proportional to the density of the gas. If this 
be true some rather sudden departure from this relationship 
must occur at or near the critical point. 

The authors have in prospect the measurement of some 
extinction-coefficients for dust-free water and other liquids to 
obtain further evidence on this disputed question. 

Summary 

1 . The relative intensity and the polarization of the light 
scattered by various liquids have been measured with an ac- 
curacy greater than that attained in our previously published 
papers. This increased accuracy was made possible by the 
use of cross-shaped containers with sealed-in, flat, glass end- 
plates in place of the bulbs used heretofore. 

2. Measurements of the light scattered by two-component 
liquid solutions show that the relative intensity of the scattered 
light is always somewhat greater than that calculated on the 
assumption that the scattered light is an additive property 
for the two liquids. 
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Liquids which polarize the scattered light very far from 
completely show, on dilution, much more nearly complete 
polarization. 

3. Measurements of the ratio of the intensity of incident 
light to that of scattered light have been made for liquids. 
The results show that ether and water scatter about one- 
tenth as much light as do the same weights of these liquids 
in the gaseous state. For benzene and its homologues the 
ratio is about one-fifth. 

The authors wish to express their thanks to Professor 
F. B. Kenrick for the great interest he has taken in the work, 
and especially for his help in overcoming the experimental 
difficulties which have been encountered. 

[Note received December 14. Since the manuscript of 
this article was sent forward the ratios of exciting to scattered 
light have been measured also for mercury green and sodium 
yellow lines. The same method was used as is described 
above for X 4358A. A comparison of these ratios for the three 
wave-lengths shows that the intensity of the scattered light 
varies inversely as the fourth power of the wave-length. ] 

Chemical Laboratory 
University of Toronto 
June, Jp2j 
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Chemical Warfare. By Amos A. Fries and Claretue J. West. 20 X IS cm; 
pp. XI + 445’ Xew York and London: McGraw-Hill Book Company, iq 2 J. 
Price: $3. so . — In the preface the authors say that “shortly after the signing of 
the Armistice, it was realiz.ed that the story of Chemical Warfare should be 
written, partly because of its historical value and partly because of the future 
needs of a text-book covering the fundamental facts of the service for the Army, 
the Reserve Officer, the National Guard, and even the Civilian Chemist. The 
present work was undertaken by both authors as a labor of patriotism and be- 
cause of their interest in the Service. . . . Those familiar with the work of the 
Chemical W’arfare Service will discover that the following pages contain many 
statements which were zealously-guarded secrets two years ago This enlarged 
program of publicity on the part of the Chief of the Service is being justified 
every day by the ever-increasing interest in this branch of warfare. Where 
five men were discussing Chemical Warfare two years ago, fifty men are talking 
about the work and the possibilities of the Service today. It is hoped that the 
facts here presented may further increase the interest in Chemical Warfare, for 
there is no question but that it must be recognized as a pennanent and very 
vital branch of the Army of every country. Reasons for this will be found scat- 
tered through the pages of this book.” 

No two men are better qualified than the authors to write such a book, 
General Fries because of his first-hand knowledge of the use of gas in actual 
warfare, and Major West because of his unequalled knowledge of the reports is- 
sued by the Allies and the United States. The result is what might have been 
expected, an admirably written, well-balanced book which covers the ground 
thoroughly and in an interesting manner. The reviewer has been interested 
to note that the book strikes army officers who are not chemists just as favorably 
as it does those who know’ chemistry at first hand and war only from books. 
Tt is to be hoped that this book will get the wade circulation that it deserves. 

The headings of tlie chapters are. the history of poison gases; modern 
development of gas warfare; development of the Chemical Warfare Service; 
the Chemical Warfare Service in France; chlorine; pho.sgene; lachrymators ; 
chloropicrin ; “mustard gas," arsenic derivatives; carbon monoxide, develop- 
ment of the gas mask; absorbents, testing absorbents and gas masks; other 
defensive measures; screening smokes; toxic smokes; smoke filters, signal 
smokes; incendiary materials; the pharmacology of war gases; chemical war- 
fare in relation to strategy and tactics; the offensive use of gas; defense against 
gas; peace time uses of gas; the future of chemical warfare. 

Dundonald's proposal to use sulphur dioxide in the Crimean War is given 
and also an account of Shenstone's mask, p. 7. Lewisite comes in for a mention 
pp. 23, 188. The account of the development of the gas mask is excellent and 
so is the story of the development of Edgewood Arsenal. It was a pleasure to see 
the recognition given to the foresight and energy of Manning, p. 32. Many will 
enjoy the account of the Chemical Warfare Service in France, p. 72, and all 
will read the chapter on strategy, p. 303. The use of phosphorus against ma- 
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chine gun nests, p. 393, was one of the distinctly interesting developments of 
the war. The illustrations are excellent and the reviewer was glad to see the 
two cartoons, pp. 66, 223. 

As a sample of the book we can take the remarks, p. 334, on signal smokes. 
Screening smokes were developed for protection and for cutting off the view of 
observers in aeroplanes and balloons. This use of smoke, coupled with the deadly 
fire of machine guns and high explosives, forced men to take shelter in deep 
shell holes, in deep trenches and other places that were safe, but which made it 
nearly impossible to see signals along the front of battle. 

"'Every man can readily be taught to read a few signals when clearly 
indicated by definite, sharply-defined, colored smokes. At first these were 
designed for use on the ground and will be used to a certain extent in the fu- 
ture for that purpose, particularly when it is desired to attract the attention of 
observers in aeroplanes or balloons. In such cases a considerable volume of 
smoke is desired. For the man in the trench or shell hole some means of getting 
the signal above the dust and smoke of the battlefield is needed. It is there that 
signal smokes carried by small parachutes, contained in rockets or bombs, have 
proven their worth. These signals floating high above the battlefield for a min- 
ute or more, giving off brilliantly colored smokes, afford a means of sending sig- 
nals to soldiers in the dust and smoke of battle not afforded by any other method 
so far invented. As before stated, every man can be taught these simple sig- 
nals, where but very few men can be taught to handle even the simplest of wire- 
less telephones. 

‘"Thus smoke has already begun to complicate, and in the future will 
complicate still more, every phase of fighting. It will be used for decepdon, for 
concealment, for obscuring vision, for signaling and to hide deadly gases. The 
signal rocket will be used to start battles, change fronts, order up reserves, and 
finally to stop fighting. 

"‘The signal smokes by day will be displaced at night by brilliantly col- 
ored lights which will have the same meaning as similarly colored smokes during 
the day. Thus, literally, smoke in the future will be the cloud by day and the 
pillar of fire by night to guide the bewildered soldier on the field of battle 
with all its terrors and amidst the confusion, gas, smoke and dust that will 
never be absent while battles last ” 

There is a foot-note on p. 285 which might well be changed in the next* 
edition. The authors say that “while it is a well-known fact that black smoke 
is not as efficient as white smoke for screening purposes, the reason for this fact 
is not clear.” With white smoke we get a certain amount of diffuse reflection 
from the front of the cloud which serves to blur the image behind the cloud. 
This disturbing factor is absent with black smoke. The phenomenon is quite 
familiar to the aviator who wishes to photograph through haze. Since the light 
scattered by the haze consists largely of the shorter wave-lengths, the aviator 
puts a red screen over the lens of his camera, thereby cutting off the disturbing 
light and thereby making it possible to take photographs in a way that he could 
not possibly do without the red screen. Tyndall has shown that the light scat- 
tered by haze is mostly polarized and that a mountain which is invisible to the 
naked eye can be seen by looking through a Nicol prism. It is probable that the 
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difference in the screening powers of white and black smokes would disapi)ear if 
one used a Nicol prism. 

There was one lesson which the war taught the Chemical Warfare Service 
and which should have been emphasized more strongly in the book. That was 
the need for more adequate co-operation between the home and the foreign 
services. Things cannot be handled adequately by cable or by letter. There 
should have been a constant stream of good officers going from the United States 
to France and staying there for a month or six weeks. In that way the various 
divisions could have been kept in touch with affairs at the front. That would 
have made life much easier for General Fries in France and would have made 
a world of difference at home. Until Col. Lewis returned, there had been no 
chemists coming back who knew anything about gas warfare. There was obviously 
nothing of any value to be got out of young engineer officers no matter how 
capable they were From the beginning to the end of the war, there was a pain- 
ful lack of adequate contact between the two branches of the Chemical Warfare 
Service. The War Department never appreciated that written communica- 
tions are always inadequate and that one officer differs from another in what he 
knows or can tell 

Wilder D Bancroft 

Contemporary Science. By Benjamin Harrow j/ X ii cm; pp 
Nno York: Boni and Liverighi, igsi. Price: $i oo . — In the preface the author 
says that “the men who have been good enough to co-operate with me in the 
preparation of this volume are masters of their respective subjects* what they 
say represents, in summary form, some of the latest achievements in science. 
The book does not pretend to be an exhaustive treatise, but it does claim to re- 
view some of the more recent and more suggestive w’ork.“ 

The subdivisions arc* Introduction, by Benjamin Harrow; Modern Phys- 
ic.s, by R. A Millikan; The Structure of Atoms and its Bearing on Chemical 
Valence, by Irving Langmuir; Engineering before and after the War, by Sir 
Charles Parsons; Methods of Gas Warfare, by S J. M. Auld , What are Enzymes? 
by Benjamin Harrow; Natural Death and Duration of Life, by Jacques Locb, 
The Physiology of the Aviator, by Yandell Henderson, Twenty-five Years of 
Bacteriology, by Simon Flexner, Before and after Lister, by W. W. Keen: The 
Measurement and Utilization of Brain Power m the Army, by R. M Yerkes, 
Conceptions and Misconceptions in Phsychoanalysis, by Tiigant Burrow; 
Pvinstein’s Law of Gravitation, by J. S Ames. 

Millikan cites the following ten discoveries as the ten most important ad- 
vances in physics of the last twenty years, the verification of the atomic and 
kinetic theories; the divisibility of the atom; radio-activity, the atomicity of 
electricity; the electrical origin of mass, the nucleus atom , the natuie of X-rays; 
crystal structure; the atomic numbers, the quantum relations. 

Sir Charles Parsons states, p. 56, that before the w^ar, the estimated cost 
of sinking a shaft to a depith of twelve miles was five million pounds and the 
time required about eighty-five years. When we consider that the estimated 
cost at present-day prices is not much more than the cost of one day of the w'ar 
to Great Britain alone, the expense seems trivial as compared with the possible 
knowledge that might be gained by an investigation into this unexplored re- 
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gioti of the earth. In Italy, at Lardarello, bore holes have been sunk, which dis- 
charge large volumes of high-pressure steam, which is being utilized to generate 
about 10,000 horse-power by turbines. 

Under enzymes, p. 83, we read that Bertrand has adopted a dual concep- 
tion of the enzyme, also shared by Armstrong. “One of the constituents is capable 
of producing to a slight degree on its own acount the chemical reaction associated 
with the particular enzyme in question; but requires its activity to be augmented 
byjthe presence of another substance — inactive in itself — ^before its action be- 
comes appreciable. The former may consist of acid, alkali, calcium or magne- 
sium salt, etc. The latter component is more complex, usually protein-like 
(egg-white, for example), and colloidal.’* Falk considers that the inactivation 
of lipases is due to an internal rearrangement of certain of the atoms in the 
molecule of the enzymes. 

Jacques Loeb says, p. 90, that “the effect of temperature on the length 
of life of the fruit fly is the same as the influence of temperature on the velocity 
of a chemical reaction, inasmuch as a lowering of the temperature by ten degrees 
results in an increase in the duration of life by two or three hundred percent, 
and the same figure would be obtained if we investigated the effect of tempera- 
ture upon the time required to complete a chemical reaction. At 30° the flies 
live on an average 21.15 days, at 20° they will live on an average 54.3 days or 
a little over twice as long. At 25° they live 38.5 days and at 15° 123.9 
days or about three times as long. The fruit fly is a tropical organism and 30° 
is not far from the optimal temperature. By lowering their temperature twenty 
degrees we prolong the duration of their life by nine hundred percent. We can- 
not lower the temperature below 10° since the flies suffer in the chrysalid stage 
when the temperature becomes 10° or less. While these are thus far the only ex- 
periments on the duration of life of higher organisms carried out with the neces- 
sary scientific precaution, there arc many casual observations mentioned in the 
literature which suggest that lowering the temperature prolongs the duration 
of life of lower animals in general. 

“The body temperature of a normal human being is constant, namely 
about 37.5° and this temperature remains the same in the tropics and in the 
arctic regions. Human beings and most mammals differ in this respect from in- 
sects whose temperature is as a rule practically that of their surroundings. If 
it were possible to reduce the temperature of human beings and if the influence 
of temperature on the duration of life were the same as that in the fruit fly, a 
reduction of our temperature from 37.5° to about 1G° would lengthen the 
duration of our life to that of Methusaleh; and if we could keep the temperature 
of our blood permanently at 7.5° our average life would (on the same assumption) 
be lengthened from three score and ten to about 27 times that length, i, e., 
to about nineteen hundred years. Unfortunately our body does not tolerate 
any considerable lowering of its temperature and if it did. life at so low a tem- 
perature would probably become very monotonous and uninteresting since in all 
probability sensations of pleasure as well as pain, of joy and of sadness, would 
be at a very low level. 

“The experiments on asept^*c flies therefore lend support to the idea that 
the duration of our life is the time required for the completion of a chemical re- 
action or a series of chemical reactions. If these reactions consist in the grad- 
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ual accumulation of harmful products in our body, or in the gradual destruc- 
tion of substances required for a youthful condition, we understand why a senile 
decay and death arc the natural result of life.” 

When discussing the physiology of the aviator, Yandell Henderson says, 
p. 100, that the ^influence of low barometric pressure is not mechanical but chem- 
ical. Life is often compared to a flame; but there are marked differences, de- 
pending upon the peculiar afTuiity of the blood for oxygen. A man may breathe 
quite comfortably in an atmosphere in which a candle is extinguished. The 
candle will burn with only slightly diminished biightness at an altitude at which 
a man collapses. The candle is affected by the proportions of oxygen and ni- 
trogen. The living organism depends solely upon the absolute amount of oxygen 
— its so-called partial pressure.” 

On p. 112 he says that “it is particulatly interesting to note that when 
the breathing test is pushed beyond the limit that the man can endure, be it 
the equivalent of only 10, ()()() or 2 r ),000 feet, two different physiological types 
with all gradations between them arc revealed. The fainting type collapses 
from circulatory failure and requires an hour or two to recover. Often the heart 
appears distinctly dilated The other and better type, on the contrary, goes 
to the equivalent of a tremendous altitude on the rebreathing apparatus and 
loses consciousness, becoming glassy-eved and more or less rigid, but without 
fainting. When normal air is administered such men quickly recover.” 

On p. 126 Fle.xner says that “time has taught the distinction between 
the two varieties t)f infectious disea.se and their corresponding immune states, 
according as their main effects and symptoms arise from the to.valbuniins or poi- 
sons we have been considering, or the intimate presence within the organs of the 
microbes thcimselves. The former variety chances indeed to be in the minor- 
ity, and hence it has come about that the diseases to be successfully combated 
by antitoxins are few in number, while those in which the microbes penetrate 
deeply into the body and which poison its tissues by means of so-called endotoxin, 
are far more numerous. The latter class includes such important diseases 
as tuberculosis, typhoid fevei, meningitis, plague, cholera, the .septicemias, and 
still others. And yet the failures have been only partial and success has been and 
is vStill being won against odds which w'cre once considered insuperable ” 

On I). b'kS P'le.xner says “Hyper.sensitivene.ss may exist independently of 
purposive artificial sensitization, and some of the most important e.\amples of 
that condition have been observed in man Because of their size, perhaps for 
other reasons, human beings even when .sen.sitive react to parenteral injection of 
native proteins less severely than the smaller animal species. And yet lamentable 
instances, if very few in number, of serious and even fatal anaphylactic effects 
have been observed in man. These have occurred especially in connection 
with the therapeutic employment of curative serums derived from the horse. 
The greatest danger from this .source is at the time of the first injection, 
for while severe effects do .sometimes follow upon a second or sub.sequciit injec- 
tion, they have never been attended by fatal consequences. Luckily, means are 
known for anticipating the.se even in frequent accidents, and of guarding against 
their dangers without at the same time depriving those in need of the benefits 
of serum protection of therapy. 
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** Besides the active state of sensitization another is known which may be 
termed negative. Thus it has been found that when a sensitive animal is given 
an injection of a protein which produces a certain degree of anaphylactic effect 
but not a fatal outburst, the treated animal can for a time be rendered insensi* 
tive. And thus human beings who are sensitive, say to horse serum, may be 
desensitized by means of successive small inoculations of the diluted serum, and, 
while in the refractory state thus induced, receive without risk larger injections 
of the serum. 

*'On the other hand, lesser states of anaphylaxis in man are by no means 
infrequent. To them belong the rashes of serum sickness” following the in- 
jection of curative serums which while annoying are not dangerous, and the 
very disagreeable manifestations of hay fever and its allied conditions, now 
attributed to the action of vegetable materials, pollens chiefly, upon the sensi- 
tized mucous membranes of the nose and throat. Recent studies by Auer 
have shown that animals sensitized with harmless proteins, such as horse serum, 
develop severe local inflammations when from any local cause an extrusion of 
the antigen-containing fluid of the blood is enabled to penetrate the extravas- 
cular tissues; and on the basis of this observed fact he has suggested that func- 
tional disturbances of many organs of the body in sensitive human subjects may 
be brought about in a similar manner.” 

Dr. Keen gives some awful figures, p. 162, as to infections after ampu- 
tations of arm, forearm, thigh, and leg before the time of Lister. Of 2089 such 
amputations in hospitals, 855 died or 41 percent. Of 2098 in country practice, 
222 died or 10.8 percent. The difference is due to the crowding and lack of 
sanitation in the hospitals of that day. In the large Parisian hospitals 62 percent 
died after these amputations and 1 1 percent after amputations in isolated rooms 
in country practice. Wilder D. Bancroft 

A Textbook of Inorganic Chemistry for Colleges. By James F Norris. 
20 X 1 $ cm; pp. VIII -f- 5/7. New York: McGraw-Hill Book Company, iq 2 i. 
Price: $ 3 . 50 . — In the preface the author says: “For a number of years the 
author of this textbook had the opportunity to teach students who were begin- 
ning the study of chemistry. His experience, acquired in the recitation room and 
in the laboratory, led him to the view that the average student finds it difficult 
to understand many of the apparently simple concepts of the science. It appears, 
therefore, to be an interesting task to attempt to present the material commonly 
treated in elementary books on chemistry in a form which could be reasonably 
well followed by the student through private study and with the smallest amount 
of explanation on the part of the teacher. Since this book has been written 
from this point of view, the subject has been developed slowly, and the considera- 
tion of the more abstruse material has been deferred until the student has gained 
some familiarity with chemical phenomena and with the language of the science. 
No attempt has been made at conciseness in the discussion of important prin- 
ciples. Analogies have been repeatedly pointed out in an endeavor to indicate 
to the student the way in which he should classify the facts brought to his atten- 
tion. 

“The aim of the author has been to present the general principles under- 
lying the science; as a consequence, chemical phenomena have been discussed 
from the standpoints of both matter and energy. The law of mobile equilibrium 
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in its broadest sense has been used repeatedly in interpreting many important 
acts. The more elementary parts of thermochemistry and electrochemistry 
have also been emphasized. In fact, physical chemistry has been drawn on 
frequently, but an endeavor has been made to limit its use to the elucidation of 
the more important facts of inorganic chemistry.'* 

This is praiseworthy and the book is interesting reading to the chemist. 
It brings up the old question as to the proper order of treatment. Should the 
atomic theory, chemical equations, and the measurement of gases, come in the 
first eighty pages with nitrogen and the atmosphere on p. 284, or should it be 
the other way round? The reviewer's temperament inclines him always to a 
deductive rather than to an inductive presentation of any subject; but that is 
a question of the science and not of the student. It is by no means certain that 
a systematic and logical presentation of a subject is the best for a beginner. 
That is the goal towards which the advanced man is striving. It seems to the 
reviewer that a book on introductory chemistry should begin with air and water, 
and that the quantitative gas laws should be put as late in the book as possible. 
There are few things which disgust the student more than the gas laws and the 
balancing of equations, the two things which are fetishes to the instructing staff. 
Perhaps the student is wrong in this and perhaps it is really good for him to get 
the worst things at the start; but one would feel more certain of this if somebody 
had tried the other method intelligently and had failed. We do know that the 
teaching in the schools and the colleges is wrong in one respect, that it knocks out 
of the boy the heaven-sent gift of asking why. Perhaps the inductive, or so-called 
scientific method is the best for the beginner, though it is admittedly not the 
quickest way of getting a knowledge of the subject. There is a story that Louis 
Agassiz was once asked whether he began his lectures with a statement of the 
fundamental laws and he answered that he began with a bushel of clams. Agassiz 
was one of the greatest teachers we have ever had and perhaps even the chemist 
could learn something from him. 

Whatever we may decide as to the merits of the type, Mr. Norris has done 
the work he planned in an admirable way. There are one or two slips but they 
are of relatively little importance. The explanation that nature abhors a 
vacuum was not put forward to account for the fact that water cannot be raised 
more than thirty-four feet by a suction pump, p. 284. The Castner cell is a 
cell with a mercury diaphragm and not with a mercury cathode as drawn, p. 510. 
While it is true, p. 545, that metallic gold in the colloidal condition gives a ruby 
glass, it would have been helpful to the student to have told him that most 
ruby glass contains copper and not gold. The reviewer doubts whether the 
hardness of glass is the most important factor in keeping it from crystallizing, 
p. 544. There seems to be a surplusage of ciphers in the statement, p. 647, 
that gratings have been made by ruling 200,000 lines to the inch. 

The reviewer learned something from the statement about long flames, 
p. 207. The statement in regard to rusting, pp. 462, 618, is the best that the 
reviewer recalls. 

''The metals down to and including copper are more or less affected by 
contact with the air ; either an oxide is formed or, in certain cases, the presence 
in the air of carbon dioxide leads to the production of insoluble basic carbonates. 
Whether or not the metal is appreciably corroded is determined by the physical 
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properties of the rust formed. In the case of aluminum, for example, the super- 
ficial coating of hydrated oxide adheres firmly and as it is very thin it scarcely 
alters the appearance of the metal; with magnesium, however, another active 
metal, the result is different, for the basic carbonate formed is light and does not 
adhere so firmly, and as a consequence, the metal is slowly disintegrated. Nickel, 
cobalt, and tin are affected to only a slight degree if at all; zinc becomes covered 
with a thin coating of basic carbonate, which resists further action and is, there- 
fore, permanent in the air. Lead becomes coated with a very thin adhering layer 
of basic carbonate and resists further corrosion. A clean surface of copper oxi- 
dizes rapidly in the air, but the coating of the oxide formed is so thin it only 
slightly deepens the color of the metal ; it is very permanent in ordinary air. 

'*The behavior of iron is quite different; in this case the oxide formed is 
a powder the density of which is less than that of iron ; when it is formed it oc- 
cupies more space than the metal from which it was produced, and, therefore, 
falls away from the surface, leaving freshly exposed metal to be acted on farther 
and the rusting continues more or less rapidly.’* 

“The presence of *mill scale,’ which is the oxide formed on the surface of 
the hot metal when it is worked, markedly increases the rate at which iron rusts. 
The scale is brittle and when it cracks and leaves a surface of iron exposed, a 
couple is set up and the metal is corroded. Rust itself forms a couple with pure 
iron and when it is once formed the corrosion proceeds more rapidly. It has been 
shown that the rate of rusting during the second year is about twice as fast as 
during the first year. Unused railroad rails rust more rapidly than those from 
which the rust is removed by the jarring produced by the passage of cars over 
them. When iron is strained in any way it assumes a different potential from that 
of the unstrained metal, and, as a result corrosion is greater in the neighborhood 
of punched holes than around holes drilled in the metal. Corrosion takes place 
where the metal has been scratched by a file or struck with a heavy tool. 

“Since oxygen is involved in the corrosion of iron, the metal rusts very 
slowly when it is immersed in deep water, which contains but a little of the gas. 
Rain water, which is saturated with oxygen and carbon dioxide affects iron very 
rapidly.” Wilder D. Bancroft 

Organic Compounds of Mercury. By Frajtk C. Whitmore. X IS cm; 
PP-3Q7- New York: The Chemical Catalog Company , iq 21 . Price: $4.30. — This 
is another one of the American Chemical Society monographs. In the preface 
the author says : “Originally the writer hoped to include in the present monograph 
all of the organic compounds which contain mercury in any form. It soon be- 
came evident that the work could not be all-inclusive. Attention will therefore 
be confined entirely to the true organic mercury compounds in which mercury 
is attached directly to carbon. These substances have practically none of the 
properties of mercuric salts. The O — Hg compounds such as the salts of the 
organic acids, the N — Hg compounds such as the mercury acid amide compounds, 
and the S — Hg compounds such as the mercuric mercaptides will be touched on 
very lightly as most of their properties are the properties of inorganic mercury 
salts. The great mass of biological and pharmacological studies which have been 
made on organic mercurials will not be included both because of lack of space and 
because of the un.sati.sfactory condition of the literature of this phase of the 
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subject. Another subject of considerable interest which cannot be discussed 
is the host of ‘double compounds' of mercury compounds and organic substances. 
These subjects which are not discussed are made available for further study by 
the supplementary bibliographical lists in the Appendix. In this way the writer 
has attempted to include in one form or another all of the material which has 
been gathered in the preparation of the work." 

The subject is treated under the general heads: historical outline; gen- 
eral methods of preparing organic mercury compounds; general properties 
and reactions of organic mercury compounds, alkyl mercury compounds; mer- 
cury compounds obtained from olefines and acetylenes; mercury compounds 
from saturated and unsaturated alcohols; mercury derivatives of fatty acids 
and related compounds; mercury derivatives of aldehydes, ketones, amides, and 
related compounds; mercury derivatives of aromatic amines; mercury deriva- 
tives of phenols, naphthols, and related compoimds; mercury derivatives of aro- 
matic acids; mercury derivatives of aromatic ketones, terpenes, and related 
compounds; mercury derivatives of heterocyclic compounds, azo compounds, 
and aromatic arsenicals. 

From this outline it appears that the field is enormously larger than most 
of us realized. It might be thought that there would be little in a volume like 
this to appeal to the physical chemist; but a glance through the pages will dispel 
that belief very promptly. 

The formation of methyl mercuric iodide in sunlight, p. 26, seems to be a 
clear case of dissociation of the methyl iodide prior to reacting with the mercury 
and somebody ought to determine the exact wave lengths which bring about the 
reaction. On p. 24 we read that L. W. Jones "advanced evidence to show that 
the two benzyl groups in mercury dibenzyl are of oppOvSite charge, because they 
are removed by hydrolysis in the form of toluene and benzyl alcohol, respectively. 

+ — 

This would indicate that the mercury atom is Hg, at least at the instant split- 
ting takes place This is in harmony with the fact that the mercury appears as 
the free metal at the end of the reaction." 

On p. 88 is the very interesting statement that "methyl mercuric halides 
electrolyzed in liquid ammonia solution give a fine black deposit on the cathode. 
This deposit is a good conductor of electricity but does not amalgamate with 
mercury. When allowed to come to room temperature, it decomposes suddenly 
with the evolution of heat, forming mercury and mercury dimethyl The free 
methyl mercury group can also be obtained as line black flakes by electrolyzing 
a water or alcohol solution of methyl mercuric chloride." 

The reviewer was also much interested in the following paragraphs, pp. 
118, 137, 155: 

"Acetylene reacts with .solutions of mercuric salts giving extremely in- 
soluble amorphous precipitates. When these precipitates are treated with min- 
eral acids, acetaldehyde is produced. This reaction, first discovered by Kuts- 
cheroff, has become very important as a means of producing ethyl alcohol and 
acetic acid from acetylene. The nature of the organic mercury compounds first 
formed is by no means .settled although many chemists have proposed formulas 
for them. The problem is of theoretical rather than immediate practical interest 
as the mercurated products are not isolated but are continuously changed to 
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acetaldehyde by the acid present during this formation. Tlie r61e of the mercury^ 
salts thus becomes that of catalysts. Among the formulas which have been sug« 
gested for the intermediate mercury compounds obtained from acetylene and 
mercuric chloride are Cl — CH*=®CH — HgCland (ClHg)* ! C — CHO. Monochloro- 
acetylene reacts with mercuric chloride giving a product which is believed to be 
trichloromercuri-acetic acid. Acetylene reacting with a slightly acid solution 
of mercuric nitrate gives a substance believed to have the formula Hg : C( — CHO)- 
HgNOs. 

“Other investigators interpret these products from acetylene as “double 
compounds*’ of acetylene or mercury acetylide with various amounts of mercuric 
salts, mercuric or mercurous oxide, and water. Complicated formulas are ar- 
rived at which agree with the analytical results. The chief difficulty in the study 
of these compoxmds is their extreme insolubility which prevents their purifica- 
tion. Moreover the composition of the precipitates obtained undoubtedly 
varies considerably with changing conditions. 

“The hydration of acetylene to form acetaldehyde does not necessarily 
mean that the intermediate mercury compounds have an aldehyde structure. 
The hydration of the triple bond may merely be catalyzed by the mercuric ions 
in acid solution. Cases are known in which this hydration takes place under the 
influence of dilute acid alone. Such a case is that of piperonyl acetylene which 
gives the corresponding ketone on warming with dilute hydrochloric acid.” 

“Mercuric salts in alcohol add carbon monoxide in much the same way 
that they add to ethylene compounds. As in the case of all such reactions the 
products may be formulated as true structure compounds or as molecular 
addition compounds, O : C ( — HgX) — OR or CO.Hg (OR) X. Neither formula 
explains all of the reactions. Acids and alkyl halides liberate carbon monoxide, 
a fact which throws doubt on the first formula. Various reactions give formic 
acid derivatives, a fact which is hard to explain by the second formula.” 

“Acetaldehyde reacts with mercuric oxide and alkali giving a substance 
(C4H806Hg3)x which is probably a pol3nner of a compound, 

HOHg— CH—Hg~CH— HgOH 

I \ 

CHOH-- O— CHOU 

The same reagents give another product which is formulated as a mercury com- 
pound of vinyl alcohol, (CH2=r=CH~)2Hg.HgO.” 

In an appendix, p. 365, the author gives what he considers the best method 
for determining mercury in organic compounds. He places the mercury compound 
in an iron crucible, covers it with a mixture of barium and sodium carbonates, 
and heats very gently. The volatilized mercury amalgamates with an inverted, 
superposed, gold crucible. Wilder D, Bancroft 

Concentration by Flotation. By T. A. Rickard. X 15 cm; />/>., 
XI -}- 6q 2. New York: John Wiley and Sons, iq 2J. Price: $7.00 . — The book con- 
tains forty articles on flotation, five of which were published in book form in 
1916, and seventeen in 1917, while the remaining eighteen have appeared only 
as journal articles. The titles of the articles are: the history of flotation; prin- 
ciples of flotation; the flotation of gold and silver mineral; flotation litigation 
(2); testing ores for flotation (2); flotation in a Mexican mill; flotation at the 
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Central Mine, Broken Hill; cyanide treatment of flotation concentrate; dis- 
posal -of flotation residue; flotation principles; the theory of flotation; the flo- 
tation of minerals; principles underlying flotation; molecular forces and flota- 
tion; the armor in flotation; theory of ore flotation ; colloids; differential flota- 
tion; flotation at the Calaveras Copper ; the disposal of flotation products; me- 
chanical development in flotation; the flotation of oxidized ores; flotation at 
Cobalt, Ontario; cascade method of froth flotation; flotation of semi-oxidized 
silver ore; the development of flotation at the Broken Hill Proprietary Mine, 
Australia; the Bradford process at Broken Hill; the flotation of galena at the 
Central Mine, Broken Hill; recovery of copper from flotation by leaching; the 
Horwood process as applied to the copper-zinc ore of the Afterthought Mine ; a 
modification of Horwood’s process for the treatment of copper-zinc ores; flota- 
tion practice of the Utah Copper Company; the smelting of flotation concentrate 
at Garfield; preferential flotation; froth flotation at Broken Hill; a resume of 
the literature on the theory of flotation, with critical notes. 

It would have been much better for the reader and would have saved 
much duplication if Mr. Rickard had worked this same material into a critical 
account of flotation ; but that would have meant a great deal of work for him 
and one cannot blame him for dodging it. Mr. Rickard believes, pp. 31, 133, 
that the so-called bubbles process of the Minerals Separation Co., really grew 
out of the Froment process. That is the conclusion that most scientific men will 
reach, though it apparently cannot be proved legally. The reviewer does not 
agree with the author that a lowering of the surface tension is an essential to the 
production of bubbles, pp. 2, 52. What is needed is a sufficiently viscous, prob- 
ably plastic, surface film. It happens to be easier to secure this with substances 
which lower the surface tension of water; but that does not affect the general the- 
ory. 

The need for critical discussion appears on most of the pages. Mr. 
Durell says, p. 254, that “it is not the air that is held dissolved, but it is the air 
that comes out, which is available for mineral attachment. A hypothesis ba.sed 
on nascent and occluded gas explains all kinds of flotation as well as flotation 
machines.” This may be true; but the reviewer would like to have it explained 
just why nascent gas is necessary. In the same article, p. 262, Mr. Durell says 
“that an acid or any electrolyte creates osmotic pressure, by trying to enter the 
solid particles, of which their surfaces act as septums. If this pressure be suffi- 
cient to drive most of the gas out from the gangue particles, the metallic parti- 
cles can be floated, for the reason that there is still left sufficient gas in them to 
become nuclei for bubble formation by the nascent gas of the liquid . . . Everyone 
who has experimented with flotation has seen how too much acid will ‘kill* the 
float. That is, the greater osmotic pressure drives the air from the metallic par- 
ticles as well as from the gangue particles. ... In maintaining that osmotic 
pressure of an electrolyte is the cause of selective flotation, it is well to look into 
the motive power of osmosis. . . . However, all theories of flotation, be they 
electrical or otherwise, must come to osmosis for their solution.” 

The reviewer finds it very difficult to understand how’ electrolytes can 
diffuse into metallic copper, for instance, or why the surface of metallic copper 
should act as a septum under these circumstances. There seems to be no good 
reason to suppose that an electrolyte, as such, has anything to do with flotation. 
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The addition of an electrolyte may modify the flotation and make it more or less 
selective; but that is quite a different matter. Even, then, it is not clear what 
important part is played by osmosis. 

Corliss and Perkins are undoubtedly right in saying, p. M7, that the 
reason why lime is less beneficial than caustic soda in the Callow process is be- 
cause of the coagulating effect of the calcium ion. The effect of the cation has 
been overlooked by Free, p, 369, whe^ points out that caustic potash in low con- 
centrations deflocculates kaolin suspensions and flocculates it in higher concen- 
trations. He is dealing with the antagonistic action of the hydroxyl ion which 
deflocculates the kaolin and of the potassium ion which flocculates. The first 
predominates at low concentrations because the hydroxyl ion is adsorbed more 
strongly at low concentrations than the potassium ion. After the adsorption 
of the hydroxyl ion becomes practically constant, the adsorption of the potassium 
ion goes on increasing thereby causing flocculation. 

On p. 135 it is stated that Minerals Separation has brought suit against 
the Nevada Consolidated Copper Company and the Magma Copper Company 
on the bubbles patent. No. 835,120, and the soluble frothing-agent patent. No. 
962,678. Mr. Rickard says that **it is interesting to note that in these Nevada 
cases the plaintiff is claiming that pine-oil has certain .soluble fractions, and that 
the use of pine-oil constitutes an infringement of both patents, 835,120 and 
962,678. It remains to be seen how Minerals Separation will square its present 
position with the testimony in the Miami case, wherein its expert, Dr. Lcibmann, 
said that pine-oil, for all practical purposes, was insoluble. . . The legal defini- 
tion of solubility will be awaited with interest, likewise the juridical effort to 
distinguish between the use of the term in chemistry and in metallurgy, res- 
pectively.” Mr. Rickard also states his belief that “the validity of the patent 
for a soluble frothing agent should be fought to a finish and it should be ascer- 
tained what is a 'soluble frothing agent' and whether it is covered by the descrip- 
tion of the oil in the first patent.” While this point is essentially a legal one and 
not a scientific one, the trial is sure to help clear up the whole problem of ore 
flotation. Wilder D, Bancroft 

An Introduction to General Chemistry. By H, N. McCoy and Ethel M, 
Terry. Second edition. 24 X 16 cm; pp. X -f 648. New York: McGraw-Hill 
Book Co.f JQ20. Price: $3.00. — The first edition was reviewed just over two 
years ago ( 23 , 659). The only changes in this edition are the correction of a 
few misprints and the addition of a chapter on metallurgy. The authors still spell 
cation wrongly, p. 234. On p. 587 the atomic number of sodium is given as ten 
instead of eleven. The slips pointed out previously by the reviewer were not 
misprints and consequently still stand. 

The chapter on metallurgy takes up iron and steel, copper, lead, zinc, 
aluminum, gold, and silver. One does not see why the lead storage battery 
should come in under metallurgy. The reviewer doubts the statement, p. 626 
that “Hall found that the electrolysis of the fused double fluoride of sodium 
and aluminum, 3NaF. AlFs, which is found in Greenland as the mineral cryolite, 
gave melted metallic aluminum.” Cryolite is a complex salt and not a double 
salt. It is the sodium salt of aluminofluoric acid and gives sodium when electro- 
lyzed. Wilder D. Bancroft 



PHYSICO-CHEMICAL STUDIES OF STRONG AND 
WEAK FLOURS. II. THE IMBIBITIONAL 
PROPERTIES OF THE GLUTENS FROM 
STRONG AND WEAK FLOURS* 

BY PAUL FRANCIS SHARP AND ROSS AIKEN GORTNER** 

Intpoduction 

In the first paper of this series Gortner and Doherty^ 
undertook a study of certain physico-chemical properties of 
the glutens from strong and weak flours, inasmuch as the purely 
chemical method of attack by numerous other workers had 
not led to any consistent results. To be sure, Upson and Cal- 
vin*’® had previously investigated the colloidal swelling of 
gluten and had concluded that strong and weak glutens were 
determined by the effect of salts and acids upon the gluten 
colloids. Their reasoning was from analogy, however, rather 
than from actual experimentation with the two types of glutens. 
As a result of their own investigations Gortner and Doherty 
concluded that the postulations of Upson and Calvin did not 
hold, that acids and salts, while they influence the gluten 
markedly, are not the primary cause of weakness or strength 
but that there is an inherent difference in the colloidal prop- 
erties of the gluten gel as laid down in the endosperm of the 
wheat berry, and that the colloidal properties of the glutens 

* Published with the approval of the Director as Paper No. 270 of the 
Journal Series, Minn. Agr. Kxp. Sta. Presented before the Division of Biolog- 
ical Chemistry of the American Chemical Society at the Fall Meeting, Chicago, 
lU., Sept. 9, 1920. 

** From the Division of Agricultural Biochemistry, Minnesota Agricul- 
tural Experiment Station, St. Paul. 

1 Gortner, R. A., and Doherty, E. H; Hydration capacity of gluten 
from '^strong'* and 'Veak'* flours. Jour, Agr. Res., 13, 389-418, Fig. 17, 
May 20 (1918). 

* Upson, F. W., and Calvin, J. W; On the colloidal swelling of wheat 
gluten. Jour. Am. Chem. Soc., 37, 1295-1304, Fig. 3, pi. 2 (1916). 

* Upson, F. W., and Calvin, J. W. : The colloidal swelling of wheat gluten 
in relation to milling and baking. Nebr. Agr. Exp. Sta. Res. Bui., No. 8, Fig. 5, 
June (1916). 
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from strong and weak flours are not identical, even at the 
isoelectric point, and would not be identical even if the flours 
had originally had the same acid and salt content. 

The problem therefore is a deeper one than merely a 
study of the action of salts or acids on the physical properties 
of a colloid. It is a theorem in colloid chemistry that a col- 
loidal system has a “memory,” that the colloidal behavior 
of an emulsoid sol or an emulsoid gel is dependent not alone 
upon its present environment but upon its past history, and it 
would seem that the past history of the gluten while it is be- 
ing deposited in the endosperm of the wheat berry is the de- 
termining factor of a strong or of a weak flour. ■* 

The historical treatment of the strong and weak flour 
question was considered in the first paper of this series and it 
is unnecessary to repeat it here. Such papers as bear upon 
the subject under consideration will be considered from time 
to time as later papers are prepared for publication. 

Since the appearance of the paper by Gortner and Doherty, 
Ostwald^ and Luers® and Liiers and Ostwald’’®’* have pub- 
lished a series of papers on the colloid chemistry of bread. It 
is not our intention to discuss their data in the present paper, 


* In our work on strong and weak flours we are coming to recognize at 
least three classes of weak flours, i. e., (1) weakness due to an adequate quantity 
of gluten but an inferior quality; (2) weakness due to an inadequate quantity of 
a good quality of gluten and (3) weakness due to factors influencing yeast ac- 
tivity, such as inadequate diastatic activity, acidity and amount of proteolytic 
enzyme, etc. The present paper and the definition above refer only to flours 
whose weakness is of the first type. 

® Ostwald, W. O. : Beitrage zur Kolloidchemie des Brotes I. Uber kolloid- 
chemische Probleme bei der Brotbereitung. Koll Zeit., 25, 26-45, Fig. 1 (1919)« 
® Liiers, H.: Beitrage zur Kolloidchemie des Brotes III. Kolloid- 
chemische Studien am Roggen- und Weizen-gliadin mit besonderer Beriick- 
sichtigung des Kleber- und Backfahigkeitsproblems. Ibid. , 25, 177-196 ; 230-240, 
Fig. 5 (1919). 

^ Liiers and Ostwald, W. O : Beitrage zur Kolloidchemie des Brotes II. 
Zur Viskosimetrie der Mehle. Ibid., 25, 82-90; and 116-136, Fig. 16 (1919). 

* Liiers, H., and Ostwald, W. O.: Beitrage zur Kolloidchemie des Brotes. 

IV. Zur Kenntnis von Mehlen schlechter Backfahigkeit. Ibid. , 26, 66-67 (1920) . 

® Liiers, H., and Ostwald, W. O. : Beitrage zur Kolloidchemie des Brotes. 

V. Die Kolloide Quellung des Weizenklebers. Ibid., 27, 34-37 (1920). 
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inasmuch as such a discussion properly belongs in the third 
paper of this series and will shortly be presented there. 

Liiers and Ostwald® in a fifth paper call attention to the 
work of Upson and Calvin and state that their own results 
are in substantial agreement. They add that there may 
be a difference in the quality of the gluten from different flours, 
but that the quality is profoundly influenced by salts and acids 
present in the flour. These workers make no mention of the 
work by Gortner and Doherty and they, like Upson and 
Calvin, reason from analogy rather than from actual experi- 
ments made upon both strong and weak flours. While in 
many instances it is possible to reach valid conclusions by such 
a method, it is a rather dangerous procedure when the ma- 
terial in question is an emulsoid gel. The same criticism 
applies to certain of the conclusions of Henderson and his 
co-workers^®’ in so far as their statements deal with 
flours of different baking strength where the quality of the 
gluten is the determining factor. For example, Cohn and 
Henderson’® state, “The ‘body’ of the dough is supplied by 
the wheat gluten alone. The degree to which the dough can 
be distended therefore depends upon the amount and the 
hydration of the gluten.” W'hether or not this statement 
is intended to apply to flours of different baking strength or 
only to war breads where wheat flour is diluted "with other ce- 
real flours cannot be determined from the context. 

It is impossible to determine from the data given in the 
papers of Henderson, et al. exactly what type of flours they 

Cohn., E. J., and Henderson, L. J.: The physical chemistry of bread 
making. Science, 48 , 501-505 (1918). 

“ Cohn. E. J., Wolbach, S. B., Henderson L. J., and Cathcart, P. H: On 
the control of rope in bread. Jour. Gen. Physiol., 1 , 221-230 (1918). 

Cohn, E. J., Cathcart, P. H., and Henderson, E. J. : The measurement of 
the acidity of bread. Jour. Biol. Chem., 36, 581-586, Fig. 1 (1918). 

’• Henderson, L. J., Fenn, W. O., and Cohn, E. J.: Influence of electro- 
lytes upon the viscosity of dough. Jour. Gen. Physiol., 1 , 387-397, Fig. 5 (1919). 

“ Henderson, E. J., Cohn, E. J., Cathcart, P. H., Wachman, J. D., and 
Fenn, W. O. ; A study of the action of acid and alkali on gluten. Jour. Gen. 
Physiol., 1, 469-472, Fig. 1 (1919). 
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worked with, for baking tests and flotir analyses are lacking. 
However, from the form of the viscosity curves (13, Fig. 2, 
p. 391 ) it appears probable that flour “A” is markedly superior 
in gluten quality to the other three flours. At any rate 
their curves show that while viscosity may be altered by a 
change in hydrogen ion concentration, the initial viscosity 
of the dough is not determined solely by this factor. Of 
course it is possible that all of the flours possessed approxi- 
mately the same quality of gluten, but that flour “A” had a 
greater quantity, in which case a higher initial viscosity would 
result. Unfortunately no nitrogen determinations are avail- 
able, nor is the source or grade of the samples noted. 

Martin^® has recently carried out an investigation of some 
of the properties of wheat flour which he thought might be 
correlated with strength. He finds for the flours which he 
investigated that “flours with high gas-retaining capacities 
and high bakers’ marks have been shown to be those in which 
the ‘amended gliadin’ figure is high.” “For flours having a 
satisfactory gas-producing capacity, bakers’ marks, gas- 
retaining capacity, and ‘amended gliadin’ content are closely 
related, and it is considered that the estimation of either of 
the latter together with the determination of the gas-pro- 
ducing capacity will indicate the ‘strength’ of the flom.” 

The amended gliadin figures as used by Martin were de- 
termined by subtracting from the percent of protein (N X 5.7) 
extracted from a sample of flour in a Soxhlet extractor by means 
of 50% alcohol, the percent of protein (N X 5.7) extracted 
from 25 grams of flour by 250 cc of water at 24-25°, the time 
of extraction being three hours. 

It would be interesting to know whether or not the pro- 
teolytic enzyme activity varied with the different flours which 
Martin used. In one of the flours which he worked with he 
showed that there was appreciable proteolytic activity. He 
also pointed out that the diastatic activity varied with the 

“Martin, P. J.: Properties affecting strength in wheaten flour. Jour. 
Soc. Chem. Ind., 39, 246-251 (1920). 
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flours used. If proteolytic activity varied this would influence 
the amount of water-soluble nitrogen and accordingly his 
“amended gliadin” values. 

Experimental 

The Problem . — Gortner and Doherty (p. 417) sum up their 
investigation on the hydration capacity of gluten as follows: 
“The difference between a strong and weak gluten is appar- 
ently that between a nearly perfect colloidal gel with highly 
pronounced physico-chemical properties, such as pertain to 
emulsoids, and that of a colloidal gel in which these properties 
are much less marked. It is suggested that such differences 
may be due to the size of the gluten particles and that at least 
a part of the particles comprising the weak gluten may lie 
nearer the boundary between the colloidal and crystalloidal 
states of matter than is the case with the stronger glutens.” 

The investigations reported in this paper and those which 
will follow were undertaken in order to put the above hypoth- 
esis to a test, and to see if other physico-chemical properties 
of the glutens from strong and weak flours could be correlated 
with flour strength. 

Unfortunately none of the flours with which Gortner and 
Doherty worked were available for the present series of in- 
vestigations. Consequently it became necessary to repeat 
at least a part of their work using gluten from new samples 
of flours in order that the comparative data for the present set 
of flours would be complete. The present paper is devoted to 
a consideration of the hydration or imbibitional properties 
of the new samples of flours. The following physico-chemical 
properties of the glutens are considered: 

1. Imbibition in the presence of different strengths of 
lactic and hydrochloric acids. 

2. Imbibition in the presence of different strengths of the 
following alkalies : potassium hydroxide, sodium hydroxide, cal- 
cium hydroxide, barium hydroxide and ammonium hydroxide. 

3. The effect of M/200 sodium sulfate on the rate of 
imbibition in solutions of potassium and calcium hydroxide. 
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4. The optimum hydrogen ion concentration for the 
swelling of discs in the following acids: lactic, acetic, ortho- 
phosphoric, hydrochloric, and oxalic. 

The Material used . — ^The strong flour used, B-780, was 
milled from northern spring wheat and was an especially 
high grade patent flour prepared for a select trade. B-781 
is a first clear flour made in the same mill as B-780. The weak 
flours used were B-782, a patent milled from a soft western 
wheat grown around Waitsbmrg, Washington, and B-783, a 
patent milled from soft club wheat grown at Genessee, Idaho. 

Flour Analyses and Baking Tests.— Table I shows certain 
of the analytical values usually determined on flours and also 
records the conventional baking test values. 


Tabi,e I 

Flour Analyses and Baking Tests 


Lab. 
no. of 
flour 

Ash 
content 
of flour, 
% 

Crude 
protein 
in flour 
(N X 5 7) 
dry basis, 
Vo 

Dry mat- 
ter in wet 
gluten , 
ave of 5 
determi- 
nations, 
% 

Water 
added per 

100 g 

of flour to 
make 
dough, 
cc 

Vol. of 
ferment- 
ed dough 
given by 
150 g 
of flour, 
cc 

Volume 
of loaf, 
cc 

Color j 
score 
of loaf 
3-780 
as 100 

Tex. 
ture 
of 
loaf 
B-7H0 
as 100 

B-780 

0.44 

12.13 

32.51 

57.9 

733 

]()39 

100 

100 

B-781 

0.90 

14.25 

37. 5r, 

59.7 

820 

1580 

98 

101 

B-782 

0.49 

9.58 

36.03 

59.7 

900 

I 1430 

100 

101 

B-783 

0.53 

12.03 

35.25 

57.4 

715 

1530 

100 

98 


The baking values given for B-780 are the average of three 
bakings, and those for B-783 are the average of two independent 
bakings. 

It was thought advisable to repeat the bakings with flours 
B-780 and B-783 and also inasmuch as a low volume might 
be due to deficiency of soluble carbohydrates to investigate 
the effect of diastase. Jessen-Hansen^® has pointed out that 
the optimum hydrogen ion concentration for baking is around 
pH value of 5.0 and that the volume of the loaf may be in- 

•* Jessen-Hansen, H. : Etudes sur la farine de froment. I. Influence 
de la concentration en ions hydrog^ne siir la valeur boulang^re de la farine. 
Comptes-rendus des Travaux Lab. de Carlsberg, 10 , p. 170-206, Fig. 4 (1911). 
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creased by the addition of acid if the pH without acid would 
be greater than pH 5.0. In' order to partially test this con- 
clusion and to see what effect the addition of acid would have 
on the relative volume of the loaves produced with the two 
flours, 2 cc of normal lactic acid per 475 grams of flour were 
added to one set. It is regretted that the supply of flours did 
not permit further tests along this line, but the tests tend to 
show the superiority of flour B-7K(). The baker noted that 
flour B-78() indicated its superiority in the handling of the 
dough ; it was more firm and elastic and did not break in the 
kneading process. The method and baking formula as de- 
scribed by Bailey^’ was used. The amount of an especially 
active diastase preparation necessary to bolster up flours low 
in diastase had been previously determined. The hydrogen 
ion concentration of the baked loaf was determined by the 
potentiometric method 12 hours after baking. For this de- 
termination 8 grams from the center of the loaf were mixed 
with 20 cc of water and 1 5 cc of the mixture placed in a large 
Bailey** electrode which handles such mixtures easily. The 
results are given in Table II. The pH values were checked 
by duplicate determinations which agreed within 1 millivolt. 

Tabls II 

Baking Test of Flours B-7S() and giving the Volume of Loaf 

and the Hydrogen Ion Concentration of the Baked Bread on Normal 
Doughs, Doughs to Which Lactic Acid has been added, and Doughs 
to which Diastase has been added 



B-780 

B-7a3 


Volume 

pH of 

Volume 

pH of 


of loaf, 

baked 

of loaf, 

baked 


cc. 

bread 

cc 

bread 

Normal control loaf 

1()30 

5.47 

1520 

5.49 

Loaf to which lactic acid has been added 

1570 

5.22 

1360 

5.30 

Loaf to which diastase has been added 

1G90 

5.40 

1220 

5.52 


” Bailey, C. H; A method for the determination of the strength and 
baking qualities of wheat flour. Jour. Ind. Eng. Chem., 8, p. 53-57, Fig. 1 Q916). 

** Bailey, C. H: A simple hydrogen electrode. Jour. Am. Chem. Soc., 
42 , 45-48, Fig. 2 (1920). 
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In order to ascertain whether or not the amended gliadin 
figure of Martin^^ differed in the two flours worked with, the 
protein fractions were determined by several methods. 
The first and third determinations were carried out essentially 
as described by the Association of Official Agricultural Chem- 
ists.^® 

Potassium Sulfate-Soluble Protein. — 12 grams of the flour 
were weighed into a 500 cc flask and exactly 200 cc of a 5% 
potassium sulfate solution, measured at 25° and then cooled 
to 8-10°, were added; the mixture was shaken at 30 minute 
intervals for 3 hours and filtered. All of this process was 
carried out at a temperature of from 8-10°. The filtrate was 
brought to the temperature of 25° and two 50 cc aliquots taken 
with a pipette calibrated at 25°. Nitrogen in these aliquots 
was determined by the Kjeldahl method. The protein was 
calculated from the amount of nitrogen by the use of the 
factor 5.7. 

Water-Soluble Protein. — 20 grams of flour were treated 
with exactly 200 cc of water and shaken at frequent intervals 
for 40 minutes and then filtered, the whole process taking 
place at from 8-10° C. Two 50 cc aliquots were taken and 
protein determined as above. 

Alcohol-Soluble Protein. — 4 grams of flour were treated 
with exactly 200 cc of 70% alcohol by volume, and shaken at 
convenient intervals during 24 hours. The material was 
filtered and the protein content determined as above. 

Water-Soluble Protein at the End of 3 Hours at 2 3 °. — For this 
determination 20 grams of flour were treated with exactly 200 cc 
of distilled water and allowed to stand for 3 hours with fre- 
quent shaking in a water bath at 25° =±=0.01°. At the end of 
this time the material was filtered and nitrogen determined on 
aliquots of the filtrate. 

Potassium Sulfate-Soluble Protein by Centrifuge Method . — 
About 42 cc of a 5% potassium sulfate solution were shaken 
with 3 grams of flour; the suspension was then centrifuged 

>• "Methods of Analysis.” Association of Official Agricultural Chemists, 
Washington, 1920, pp 167-168. 
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and the clear supernatant liquid decanted into a Kjeldahl 
flask. The residue remaining was then treated with a fresh 
portion of potassium sulfate solution and the process repeated. 
This extraction was continued until six separate portions of 
potassium sulfate solution had been used or a total of about 
250 cc. Nitrogen was determined on the material in the Kjel-‘ 
dahl flask and from this the protein content was calculated by 
the factor 5.7. 

Alcohol-Soluble Protein in the Residue after Extraction 
with Potassium Sulfate.- - -The residue from the potassium sul- 
fate extraction above was treated with 250 cc of 70% alcohol 
in six separate portions, the procedure being the same as for 
the above potassium sulfate extraction. Protein was deter- 
mined on the total alcohol extract by the Kjeldahl method as 
described above. 

Residue from the Potassium Sulfate and Alcohol Extrac- 
tions . — The residue remaining after extraction first by the six 
portions of potassium sulfate and subsequently by six por- 
tions of 70% alcohol was placed in a Kjeldahl flask and protein 
determined as described above. 

Total Protein of Flour.-— The. total protein of the flour 
was determined on 1 gram samples and calculated on the basis 
of N X 5.7. 

These determinations were all carried out in duplicate. 
The average of the different determinations is given in Table 
III. 

These results show by whatever method the amended 
gliadin figure is calculated that flour B-783 has the higher 
figure and should according to Martin have the higher baking 
strength. The reverse is actually the case. 

The Moist Gluten . — The gluten was easily obtained 
from sample B-780 and was a firm elastic mass that could 
be separated from the starch very rapidly. More difficulty 
was evidenced in collecting the gluten from B-781; it was 
rather intermediate between B-780 and B-782 and B-783. 
The glutens from these last two flours could be collected 
only with extreme difficulty. They were whiter, it was harder 
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Table III 

The Various Protein Fractions of Floiu^ B-78t) and B-783 (All 
Results calculated on the Dry Basis). Protein obtained by N X 5.7 

in Each Case 



Flour 

B-780, 

% 

Flour 

B-7a‘3, 

% 

Potassium sulfate-soluble proteins, A. O. A. C. 



method (modified) 

1.63 

1.07 

Water-soluble protein at the end of 40 minutes at 



10° c. 

1.59 

1.24 

Alcohol-soluble protein, A. O. A. C. method 

B.OO 

7.31 

Water-soluble protein at the end of hours at 25 ° C. 

1 .85 

1.07 

Potassium sulfate-soluble protein by the centrifuge 



method 

3.00 

2 04 

Alcohol-soluble protein in residue after extraction 



with potassium sulfate by tlie centrifuge method 

5 . 73 

0 41 

Residue from the above potassium sulfate and alco- 



hol extraction 

3.32 

2 SO 

Total protein from the sum of the last three determi- 



nations 

12.14 

12 03 

Total protein as determined on the original flour 

1 12.13 

12.15 


to separate them from the starch, and they were not firm or 
elastic. It is particularly interesting to compare the data for 
B-780 and B-783, the “strongest” and the “weakest” samples 
studied. The ash values are not Avidely different and are 
indicative of a “patent” and a “straight” flour. The crude 
protein values are almost identical so that, in this instance 
at least, the “weakness” of B-783 does not lie in a lower gluten 
content. The marked contrast in the baking tests shows 
that in the.se contrasting samples we have excellent material 
for testing as to whether or not the differences observed in 
the baking tests are paralleled by differences in the physico- 
chemical behavior of the glutens. 

The Preparation of Dried Glutens . — It is obvious that 
if the gluten could be washed from a large quantity of flour 
and then dried, this dried material would be a much more 
satisfactory type of material to use in physico-chemical work 
than would the moist gluten because each day’s material 
would then be exactly comparable. Using dried material 
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would also save a considerable amount of time. Therefore 
the attempt was made to prepare considerable quantities of the 
dried glutens washed from the four floiu's. 

Wheat gluten is an emulsoid colloid and it is well known 
that emulsoid colloids will not withstand the effect of high 
temperature. Consequently the drying must necessarily be 
carried out at a temperature that would not be at all unfavor- 
able to bacterial and enzyme action. The first attempts to dry 
the gluten were made in a vacuum oven at a temperature of 
about 30° but the moist gluten retains the water rather tena- 
ciously and the drying could not be completed at this tempera- 
ture before the gluten began to decompose. It was finally 
found necessary to dry at a temperature of 45-50°. The 
method finally adopted for preparing the dried gluten was as 
follows : 

About 3 kilos of flour were made into a stiff dough with 
distilled water and allowed to stand under distilled water for 
an hour. The material was then placed in an electrically 
driven dough-mixing machine. Distilled water under con- 
siderable pressure was run continuously into the mixer at a 
rather rapid rate. At the end of about 7 minutes all of the 
starch appeared to have been removed, the liquid from then 
on remaining only slightly turbid; the treatment was con- 
tinued for 13 minutes longer, the water by this time had begun 
to froth slightly. The moist gluten was then pressed out be- 
tween glass plates into sheets approximately 3 mm thick and 
was cut into small squares of about 1 sq cm area weighing 
less than 0.5 gram. Glass plates were used for shelves in the 
vacuum oven and these little squares were placed on the glass 
plates at least 1 centimeter apart. The material was then 
placed in the vacuum oven and dried at a temperature of 45-50 ° 
under a pressure of 30-40 mm. It was possible to dry the 
material to a crisp in less than 18 hours by this method, the 
drying was, however, continued for a total of 48 hours. This 
material showed no evidence of decomposition that could be 
detected by odor. The dried material was then placed in a 
ball mill and ground to a fine powder. The powder so ob- 
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tained was quite hydroscopic and was triboelectric. The 
dried material was preserved in tightly stoppered glass bot- 
tles. Inasmuch as opportunity for the absorption of moisture 
was afforded during the standing, etc., moisture determina- 
tions were made on the dried ground material by heating 18 
hours in vacuo at 100°. The percentage of crude protein 
was likewise determined by multiplying the total nitrogen by 
the factor 5.70. The percentages of moisture and crude pro- 
tein are recorded in Table IV. The values given are 
averages of closely agreeing duplicate determinations. 

Table IV 


Moisture and Crude Protein in the Dried Glutens 


i 

Lab. no. 

Moisture, 

(rr 

,0 

Crude protein in 
dried gluten, 

% 

B-780 

G.29 

79.42 

B-781 

.5.89 

75.28 

B-782 

7.80 

.50.27 

B-78;} 

7. 18 

05.86 


1. Imbibition in the Presence of Different Strengths of 
Hydrochloric and Lactic Acids 

(a) Relative Imhibitional Capacity of the Glutens before 
Drying.- - -Gortner and Doherty* studied the effect of lactic, 
acetic, boric, phosphoric, hydrochloric and oxalic acids in var- 
ious concentrations on the imbibition of glutens. From their 
data it is evident that two types of results may be expected, 
i. e., a strong acid will produce marked imbibition at the lower 
acid concentration followed by marked dehydration effects 
at higher acid concentrations. On the other hand, a weak 
acid produces marked imbibition throughout the entire range 
of concentration tested or from N/500 to N/2 concentration. 

We have felt that it would not be profitable to repeat 
all of the work of Gortner and Doherty using the new flours, 
and have accordingly selected hydrochloric acid as typifying 
one type of imbibition phenomena and lactic acid as typifying 
the other. The modus operandi was the same as in the earlier 
paper (Gortner and Doherty I). The discs of gluten were al- 
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lowed to remain in the acid solution for exactly 50 minutes, 
then drained for 7 minutes and weighed. 

In all of the work the value reported is the average of 
5 individual determinations. An example of the determination 
on the basis of the gain in weight of the individual discs per 
gram of moist gluten is given in Table V. The gluten used was 
B-780. The temperature of all swelling experiments was 20° 
±2°. It will be noted that while some of the individual deter- 
minations vary, as a whole the agreement is good, and we 
believe that the average value is a reliable evidence of the de- 
gree of hydration, under the conditions of the experiment. 

Table V 

Quantity of Water imbibed (Grams of Water per Gram of Moist 
Gluten) from Individual Discs of Gluten B-780 in Different Con- 
centrations of Hydrochloric Acid. Imbibition Period 50 Minutes 


Acid coil- 
ccntratioTi 

N/2 

N/5 

N/10 

N/L>f) 

N/50 

N/lOO 

N/200 

N/'5()0 

Water 

— f).024 

0 055 

0.230 

0.(590 

1.050 

0.8G3 

0.S4G 

0.747 

imbibed 

-0.0.58 

O.OOf) 

0.170 

0.7.30 

().()(55 

0 895 

0.8.55 

0.642 

per g of 

—0.08] 

0.075 

0.250 

0.G35 

1.017 

0.808 

0.812 

0.850 

moist 

—0.028 

0.050 

0.200 

0.r).')0 

0.900 

1.085 

0.774 

0.574 

gluten 

—0.032 

0.020 

0.275 

0.720 

0.921 

1.040 

0.577 

0.822 

Average 

—0.085 

0.054 

0.225 

O.GSO 

0.923 

0.938 

0.773 

0.727 


Table VI 

The Quantity of Water imbibed (Grams Water per Gram Moist 
Gluten) for the Various Glutens (before drying) in Different Con- 
centrations of Hydrochloric Acid. Imbibition Period 50 Minutes. 
(Average of 5 Determinations) 


Concentration 
of acid 

B-780 

B-781 

B-782 

B-78^1 

N/2 

—0.035 

—0.024 

0.028 

—0.035 

N/5 

0.054 

0.061 

0.061 

0.033 

N/10 

0.225 

0.150 

0.155 

0.151 

N/25 

0.G8G 

0.400 

0.374 

0.367 

N/30 

0.923 

0.553 

0.514 

0.453 

N/lOO 

0.938 

0.633 

0.422 

0.477 

N/200 

0.773 

0.517 

0.459 

0.478 

N/500 


0.296 


0.412 
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Table VI shows average imbibitional values for all four 
glutens. The data of Table VI are shown in the form of curves 
in Fig. 1. 



The imbibition curves for the various glutens in different concentrations 
of hydrochloric acid (before drying, imbibition period 50 minutes) . 


There is a distinct difference in the swelling capacity in 
hydrochloric acid between the strong gluten, B-780, and the 
other three. 

Table VII 

The Quantity of Water imbibed (Grams Water per Gram Moist 
Gluten) for the Various Glutens (before D^ing) in Different Con- 
centrations of hactic Acid. Imbibition Period 50 Minutes. (Aver- 
age of 5 Determinations) 


Concentration 
of acid 

B-78() 

B-78I 

B-782 

B-783 

N/2 

1.328 

0.f)09 

0.546 

0.406 

N/5 

1.395 

0.701 

0.687 

0.476 

N/10 

1.518 

0.816 

0.G27 

0.528 

N/25 

1.552 

0.603 

0.580 

0.572 

N/50 

1.417 

0.642 

0.611 

0.598 

N/lOO 

1.080 

0.367 

0.487 

0.521 

N/200 

1.231 

0.421 

0.457 

0.460 

N/50() 

0.787 

0.232 

0.467 

0.497 


Table VII and Fig. 2 show the average imbibitional 
values for the four glutens (before drying) in different con- 
centrations of lactic acid. 
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The imbibition curves for the various gluteus in different concentra- 
tions of lactic acid (before drying, imbibition period 50 minutes) 

It will be observed that there is a wide difference in the 
imbibitional capacity of glutens B-780 and B-781 and there is 
also a marked difference between glutens B-781, B-782 and 
B-783. The difference between these glutens is more marked 
than that found by Gortner and Doherty to exist between 
their “strong” and “weak” glutens, the “strong” flour B-780 
being stronger than the one worked with by them, and the 
“weak” flours being weaker, as showm by imbibitional experi- 
ments. 

(b) Relative Imbibitional Capacities of the Glutens after 
drying. — The dried gluten, prepared as noted above, was con- 
verted into moist gluten discs in order that the imbibitional 
values might be comparable with those determined on the 
freshly washed out gluten. Twenty grams of the dried gluten 
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were mixed with just enough water to make a rather dry dough. 
This dough was allowed to stand under distilled water for 
one hour. The gluten so obtained was much more tough and 
rubberlike than the original gluten before drying. In order 
to obtain sheets of uniform thickness it was necessary to press 
it out between the glass plates as thin as possible and weights 
had to be placed on the glass plates in order to keep the gluten 
from springing back into a mass. After remaining under pres- 
sure for some time additional pressure was applied and the 
sheet could then be pressed a little thinner. This process was 
repeated until sheets about 3 mm thick were obtained. 
Discs were then cut which were not placed in water for a 
preliminary period but were placed directly into the various 
solutions. Two sets of experiments were made. The first 
set is directly comparable with the moist gluten imbibitional 
experiments noted above where an imbibitional period of 50 
minutes was used. In the second set the imbibitional period 
was reduced to 26 minutes inasmuch, as will appear later, it 
was desirable to compare imbibition in alkali with imbibition 
in acid and a fifty minute imbibitional period could not be 
used in the alkaline solutions. In addition the dilutions of 
the 25 minute set are not identical with the preceding acid 
sets, but correspond with the dilutions which are used later 
in this paper for the various alkalies. 

Fifty Minute Imbibitional Experiments. — In view of the 
fact that hydrochloric acid did not appear to differentiate the 
glutens nearly so well as did lactic acid, no experiments were 
made in which the imbibitional capacity of the various dried 
glutens were tested in the various concentrations of hydro- 
chloric acid. Table VIII and Fig. 3 show the imbibitional 
data for the different dried glutens, prepared as noted above, 
in different concentrations of lactic acid. 

Twenty-Five Minute Imbibitional Experiments. — In order 
to directly compare the action of acids and alkalies as noted 
above the swelling in acids was carried out for 25 minute 
periods in the same concentrations tliat were used for the al- 
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Table; VIII 


The Quantity of Water imbibed (Grams Water per Gram Moist 
Gluten) for the Various Glutens (after drying and milling the 
Gluten) in Different Concentrations of Tactic Acid. Imbibition 
Period 50 Minutes. (Average of 5 Determinations) 


Concentration 
of acid 

B-780 

B-781 

B-782 

B-783 

N/2 

0.801 

0.731 

0.469 

0.690 

N/5 

0.972 

0.625 

0.508 

0.690 

N/10 

1.015 

0.628 

0.501 

0.764 

N/25 

0.887 

0.625 

0.407 

0.684 

N/50 

0.920 

0.558 

0.409 

0.592 

N/lOO 

0.791 

0.4.35 

0.383 

0.,5.36 

N/200 

0.647 

0.365 

0.381 

0.486 

N/500 

0.520 

0.453 

0.424 

0..354 

Water 

0.059 

0.063 

0.026 

0.042 



kalies as noted later in this paper. The data obtained with 
lactic acid are given in Table IX and graphically in Fig. 4 and 
those obtained with hydrochloric acid are given in Table X 
and are also expressed graphically in Fig. 4. 
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Fig. 4 

The imbibition curves for the various glutens in the same concentra- 
tions of hydrochloric and lactic acids bls used in the case of imbibition 
in alkalies (before and after drying, imbibition period 25 minutes) . 


TABbE IX 

The Quantity of Water imbibed (Grams Water per Gram Moist 
Gluten) for the Various Glutens (before and after drying) in Different 
Concentrations of Lactic Acid. Imbibition Period 25 Minutes. 
(Average of 5 Determinations) 


Concentra- 
tion of acid 

B-780 

B-781 

B-782 

B-783 

Before 

drying 

After 

drying 

After 

drying 

Before 

drying 

Before 

drying 

After 

drying 

N/lOO 

0.509 

0,411 

0.195 

0.329 

0.259 

0.427 

N/200 

0.458 

0.311 

0.127 

0.234 

0.255 

0.231 

N/500 

0.332 

0 253 

0.071 

0.184 

0.207 

0.142 

N/1000 


0.190 

0.043 

0.135 

0.149 

0.103 

Water 

1 —0.007 



—0.031 

—0.014 

0.044 
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Table X 

The Quantity of Water imbibed (Grams Water per Gram Moist 
Gluten) for the Various Glutens (before and after drying) in Different 
Concentrations of Hydrochloric Acid Imbibition Period 25 Minutes. 
(Average of 5 Determinations) 


Concentration 
of acid 

B-780 

B-782 

B-783 

I Before 

drying 

After 

drying 

Before 

drying 

Before 

drying 

N/lOO 

0.(187 

0.378 

0.375 

0.247 

N/2(K) 

0.501 

0.227 

0.317 

0.222 

N/500 

0.340 

0.129 

0.223 

0 185 

N/1000 

0.259 

0.091 

0.198 

0.17(1 

Water 

—0.007 

0.020 

—0.031 

—0.014 


It is of interest to note that in the oO minute experiments 
B-780 has decreased in its imbibing capacity in lactic acid 
to a very appreciable extent, that B-7.S1 has decreased some- 
what but the other two glutens have not changed to so marked 
a degree. This appears to indicate that the glutens are 
tending to become alike. The change is if anything even 
more marked in tlie 25 minute sets where an enormous de- 
crease in imbibing capacity is noted for the dried gluten of 
B-780. In all of the glutens the concentration of acid necessary 
to produce maximum imbibition has likewise increased. Thus 
with B-780 maximum imbibition is attained in the undried 
gluten in N/ 25 lactic acid while in the dried gluten the cor- 
responding point is in N/TO acid. Similarly for B-783 the 
values are N/50 and N/IO, respectively. It has been our 
experience that weak glutens reach their point of maximum 
imbibition only in a higher concentration of acids than do 
strong glutens, and in the present instance the drying process 
appears to have produced a “weak” gluten as measured by 
rate and extent of imbibition. We know that alternate hy- 
dration and dehydration, or freezing and thawing, are some 
of the more common methods for coagulating or defloccu- 
lating colloids, and the present observation is a direct con- 
firmation of the hypothesis set forth by Gortner and Doherty 
that a strong gluten is strong because of more marked col- 
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loidal properties, a part of which colloidal properties are lost 
when the gluten gel is dried, remilled and again made into a gel. 

2. Imbibition in the Presence of Different Strengths of the 

Following Alkalies: Potassium Hydroxide, Sodium 
Hydroxide, Calcium Hydroxide, Barium Hy- 
droxide, and Ammonium Hydroxide 

(a) Relative Imbibitional Capacities of the Glutens before 
drying. —It is well known that when animal proteins are 
treated with different concentrations of alkali imbibitional 
effects similar to those in acid are obtained. It was thought 
desirable, therefore, to see if the glutens from the strong 
and weak flours showed the marked imbibitional differences 
noted in acids when the glutens were treated with alkalies 
of different concentrations. 

A series of sodium hydroxide solutions was prepared of 
the same normalities as those employed in the study of the 
acids. The experiment was first tried with gluten from B-7S0 
during an imbibition period of 50 minutes. The discs which 
were placed in N/2 solution became colored a light yellow; 
they did not swell but seemed to grow smaller, the rough 
edges becoming rounded off. It was impossible to remove 
the discs at the end of the imbibitional period, all coherence 
having been destroyed. The discs which were placed in the 
concentrations ranging from N/5 to N/25 did not have such 
a yellow color and the swelling was at first perceptible, but 
the discs were not coherent enough to be removed for 
weighing. In the case of the more dilute alkaline solu- 
tions the discs were coherent enough to be removed 
for weighing. Increases in weight were noted for those discs 
in N/200 and N/500 alkali while decreases were recorded for 
N/lOO and N/50 solutions. The time in alkali was the same 
as was used for the acids, i. e., 50 minutes. In all solutions 
but N/500 there was a perceptible cloudiness and a ring of 
white solid material (probably starch) settled around the 
discs. This ring was not present in the N /500 solution. In 
order to ascertain whether or not this was a case of complete 
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dispersion or solution of the protein, or whether the alkali 
was merely causing loss of coherence, the solutions of alkali 
used in the imbibitional experiments were neutralized. A 
curdy precipitate appeared in each solution excepting N /50(), 
the quantity being roughly proportional to the concentra- 
tion of the alkali. This showed conclusively that the gluten 
was in reality being dispersed and by the amount of precipi- 
tate one would conclude that the process was going on rather 
rapidly. 

It would seem that the action of alkalies on gluten is 
somewhat different from the action of the acids. In the case 
of acids the first step is the swelling of the gluten with no ap- 
parent dispersion. This is easily shown by bringing the so- 
lution after the removal of the gluten discs at the end of the 
50 minute period to the isolectric point of the gluten. In no 
instance was there more than a slight turbidity produced. 
In the case of acid there is marked imbibition as shown by ap- 
pearance and by the increase in weight. In the case of alkali 
however the two steps, imbibition and dispersion, follow one 
another almost immediately so that in some concentrations 
they compensate each other. In the more dilute solutions the 
imbibitional factor is the more prominent, in the more con- 
centrated solutions the dispersion factor is the most apparent. 

As the imbibition in the case of alkali appeared to be 
greater in the more dilute solutions, concentrations of sodium 
hydroxide were tried ranging from N/1000 to N/ 10,000. 
No appreciable imbibition was noted however. 

In an attempt to make the imbibition factor more prom- 
inent the time for the swelling determination in the presence 
of alkalies was shortened from 50 minutes to 25 minutes. 
A comparison of the results obtained in these two time inter- 
vals is shown in Table XI. 

It was concluded from Table XI and the swelling size 
as shown by appearance that 25 minutes would indicate the 
imbibition factor more accurately. 

The imbibition of the different glutens was studied in so- 
lutions of the following alkalies: potassium, sodium, barium, 
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Tabi.e XI 

The Quantity of Water imbibed (Grams Water per Gram Moist 
Gluten) by Gluten B-780 (before drying) in Different Concentra- 
tions of Sodium Hydroxide. Comparison of Imbibitional Periods 
of 50 and 25 Minutes. (Average of 10 Determinations) 


Concentration of alkali 

50 minutes 

25 minutes 

N/lOO 

—0.025 

0.088 

N/200 

0.099 

0.242 

N/500 

0.090 

0.0:« 

N/IOOO 

0.010 

0.007 


calcium and ammonium hydroxides. The data are shown in 
Table XII and graphically in Fig. 5. 


Table XII 

The Quantity of Water imbibed (Grams Water per Gram Moist 
Gluten) for the Various Glutens (before drying) in Different Con- 
centrations of the Various Alkalies. Imbibition period 25 Minutes. 
(Average of 5 Determinations) 


Concentration 
of alkali 

B-780 

B-781 

B-782 

B-788 

Potassium Hydroxide 

N/lOO 

0.188 

0.208 

—0.084 

—0.109 

N/200 

0.:i2H 

0.072 

0.008 

-0.011 

N/500 

0.042 

0.000 

0.018 

0.017 

N/IOOO 

0.001 

—0.023 i 

—0.012 

—0.029 


Sodium Hydroxide 


N/lOO 

o.oss 

0.287 

—0.089 

—0.092 

N/200 

0.242 

O.OGl 

0.059 

0.025 

N/500 

0.033 

—0.001 

—0.002 

0.000 

N/1000 

0.007 

—0.005 

—0.014 

—0.019 


Barium Hydroxide 


N/lOO 

0.0G5 

0.142 

0.001 

1 

—0.655 

N/200 

0.114 

0.021 

0.045 


0.023 

N/500 

0.023 

—0.021 

—0.022 


—0.018 

N/IOOO 

O.OIG 

—0.011 

—0.022 


—0.009 


Calcium Hydroxide 


N/lOO 

0.125 

0.070 

6.025 

-^).057 

N/2()0 

0.108 

0.04G 

0.041 

0.018 

N/500 

—0.003 

0.008 

—0.011 

—0.013 

N/1000 

—0.015 

0.002 

—0.021 

—O.OIG 
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Table XII {continued) 
Ammonium Hydroxide 


N/lOO 

N/20() 

0.158 

0.070 

0.007 

0.053 

0.080 

0.021 

0.012 

0.013 

N/5()0 

0.010 

—0.002 

— 0.015 

—0.020 

N/IOOO 

—0.011 

—0.014 

—0.020 

—0.012 



The imbibition curves for the various glutens in different concentra- 
tions of potassium, sodium, barium, calcium and ammonium hydroxides 
(before drying, imbibition period 25 minutes). 


In all experiments the strong flour gluten, B-780, showed 
a distinctly greater imbibition in the alkalies than did the 
gluten from the weak flours, B-782 and B-783. This is par- 
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ticularly noticeable in the potassium hydroxide series. The 
differences are more apparent in the N/200 concentrations. 
In the higher concentrations the dispersion factor is more 
prominent as shown by the fall in the curve. The clear flour, 
B-781 , does not behave like the others in this respect. The discs 
from gluten B-780 that were placed in the N/lOO alkalies dis- 
persed more than those placed in the lower concentrations. 
The discs placed in N/200 dispersed somewhat, those in the 
other two concentrations hardly at all. B-782 and B-783 be- 
haved in all respects like gluten B-780 with the exception that 
the dispersion was more marked in the case of B-782 and B-783. 
The clear B-781 did not disperse as readily as did the other 
three glutens. This would be indicated by the above tables 
and is shown very clearly in Fig. 5 where the curve for B-781 
rises above the others in the N/lOO concentration. 

(fe) Imbibition of the Dried Glutens in Alkali.- -In the 
first attempt to prepare moist gluten from the dried material 
the dried gluten was treated in the same way that the original 
flour was treated, that is, enough water was added to the 
dried material to form a stiff dough. This dough was allowed 
to stand under distilled water for one hour and was then washed 
in a stream of distilled water. As soon as the washing was 
begun, however, the gluten began to disperse. This was 
tried repeatedly with the dried glutens from the different 
flours. It was found, however, that if a very small amount 
of sodium chloride was added to the wash water the gluten 
immediately came together in a coherent mass which showed 
greater elasticity than the gluten before drying. If the co- 
herent mass obtained by washing in sodium chloride solution 
was washed in distilled water it began to disperse but was 
easily brought to a coherent mass by again washing in the 
salt solution. This process was repeated several times with 
the same sample and probably could be repeated indefinitely. 
The method finally adopted was to add enough water to mgke 
a dough and let this dough stand under distilled water for 
one hour. The material was then pressed into sheets without 
working. 
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It was found that discs cut from gluten prepared in this 
manner varied in their behavior to alkali according to the 
length of time the cut discs stood in water before placing them 
in the alkali solutions. The following conditions were tested : 

A. Discs stood in water overnight before placing in the 
alkali, B-780. 

B. Discs stood in water one hour before placing in the 
alkali, B-780. 

C. Discs stood in water 10-35 minutes before placing 
in the alkali, B-780. 

D. Discs were not placed in water at all, B-780. 

E. Added sodium chloride to wash water after trying 
to wash in distilled water, B-780. 

F. Added sodium chloride to wash water after trying to 
wash in distilled water; the cut discs were allowed to stand 
in distilled water three hours before placing in the alkali, B-780. 

G. Washed with sodium chloride solution; the cut discs 
were allowed to stand in distilled water overnight. Con- 
siderable swelling took place in these discs on standing in 
water overnight, B-783. 

H. Discs stood in water one hour before placing in al- 
kali, B-783. 

The gain in weight per gram of moist gluten is given in 
Table XIII. 


Table XIII 

The Quantity of Water imbibed (Grams per Gram Moist Gluten) 
for the Glutens B-780 and B-783 (after drying) in Different Concen- 
trations of Potassium Hydroxide, showing the Effect of Different 
Treatments of Discs of Moist Gluten prepared from Dried Gluten. 
Imbibitional Period 25 Minutes. (Average of 5 Determinations) 


Concen- 



B-780 



B-783 

tration of 
alkali 

A 

B 

C 

D 

E 

F 

G 

H 

N/lOO 

— 

0.062 

0.158 

s s 1 


0.207 

0.188 

0.163 

N/200 

—0.111 

—0.056 

0.007 


0.119 

0.112 

0.072 

0.088 

N/600 


—0.087 

—0.045 




—0.001 

—0.010 

N/1000 


—0.054 

—0.019 




0.008 

—0.021 

Water 

— 

0.103 

0.160 

mil 


mtyM 

—0.003 

0.025 
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The effect of the different treatments on imbibitional 
rate is shown very clearly in the N/200 concentration where 
variations from —0.111 to -fO.llQ are recorded, depending on 
previous treatment. 

The method finally adopted for the study of imbibition 
of the dried glutens was the same as that employed in the 
work writh dried glutens and acids, i. e., not to place the discs 
in water at all before placing them in the solutions to be 
tested. The losses in all cases with alkalies are not attributed 
to the dehydration of the gluten but rather to its dispersion. 
After the discs had been removed for weighing the alkali was 
neutralized and a precipitate was formed which appeared to 
be approximately proportional to the concentration of the 
alkali and therefore more or less proportional to the loss in 
weight of the discs. Although a rather extensive series of 
experiments was carried out it was found that no method 
could be devised whereby imbibitional values could be ob- 
tained with the dried glutens which were free from large er- 
rors due to dispersion. Consequently it is not thought worth 
while to record the tabular data. The experiments, however, 
emphasize rather strongly the marked changes in colloidal 
condition which occur in drying the glutens and confirm the 
conclusions arrived at in the earlier sections where imbibition 
of dried and undried glutens in acid solutions is considered. 
8. The Effect of Calcium and Potassium Hydroxides contain- 
ing M/200 Sodium Sulfate on Imbibition 

It is well known that neutral salts markedly decrease 
imbibition of proteins in acid or alkaline media. Gortner 
and Doherty (I) have already presented data showing that 
wheat gluten is no exception to this general rule, at least in 
so far as acids are concerned. In order to ascertain whether 
or not the same relative effect held true with imbibition in 
alkali in the presence of salts, experiments were carried out 
with glutens B-780 and B-783 in the presence of M-200 sodium 
sulfate in potassium and calcium hydroxides. The results 
obtained are found in Tables XIV and XV and are expressed 
graphically in Fig. 6. 
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The imbibition curves for the glutens B-780 and B-783 in potassium 
and calcium hydroxides alone and in potassium and calcium hydroxides 
plus M/200 sodium sulfate (before drying, imbibition period 25 minutes). 


Table XIV 

The Quantity of Water imbibed (Grams Water per Gram Moist 
Gluten) for the Glutens B-7S0 and B-783 (before drying) in Various 
Concentrations of Potassium Hydroxide, and Potassium Hydroxide 
plus M/200 Sodium Sulfate. Imbibition Period 25 Minutes. 
(Average of 5 Determinations) 


Concentration 
of alkali 

B-780 

B-783 

KOH 

KOH + Na.2S04 

KOH 

KOH -f Na2S04 

N/lOO 

0.138 

0.059 

—0.109 

—0.170 

N/20() 

0.328 

0.190 

—0.011 

—0.043 

N/5()0 

0.042 

—0.013 

0.017 

—0.005 

N/1000 

0.001 

—0.020 

—0.029 

—0.039 

Water 

— 

—0.011 

— 

—0.031 


The results are in good accord with the depressing effect 
of salts upon imbibition in acids and it was not thought worth 
while to conduct any further experiments to show the effect of 
salts inasmuch as their effect has been shown on so many pro- 
teins by many different workers. The present series of experi- 







128 Paul F. Sharp and Ross A. Gortner 

ments, however, points to the fact that the difference between 
a strong and a weak gluten is not merely a question of the pres- 
ence of more inorganic salts in the weaker gluten. 

Tabus XV 

The Quantity of Water imbibed (Grams Water per Gram Moist 
Gluten) for the Glutens B-780 and B-783 (before drying) in Various 
Concentrations of Calcium Hydroxide, and Calcium Hydroxide 
plus M/200 Sodium Sulfate. Imbibition Period 25 Minutes. 
(Average of 5 Determinations) 


Concentration 
of alkali 

B-780 

B-783 

Ca(OH)j 

Ca(0H)2-}-Na2S04 

Ca(OH )2 

Ca(OH)j 4- Na 2 SO 

N/lOO 

0.125 

0.055 

—0.057 

-0.140 

N/2(K) 

0.108 

0.131 

0.018 

—0.033 

N/500 

—0.003 

0.002 

—0.013 

0.017 

N/1000 

—0.015 

—0.011 

—0.016 

—0.022 

Water 

— 

—0.011 

— 

—0.031 


4. Relation of Hydrogen Ion Concentration of Various Acids 
to Imbibition as Measured by Increase in Weight of Discs 

Thus far investigators of imbibition, as shown by the in- 
crease in weight of discs placed in different concentrations 
of various acids, have plotted their results against normality 
(titratable acidity) of the acid solutions. By the use of this 
method curves are obtained of radically different shapes with the 
different acids used of which hydrochloric represents the one 
extreme and acetic acid perhaps the other, as shown in Figures 
1 to 5 in the article of Gortner and Doherty^ and in Figures 1 
and 2 of this paper. 

22,23 lias recently presented evidence tending to 
show that the highest osmotic pressure of gelatin and al- 
bumin, the highest viscosity of gelatin, the greatest swelling 

Loeb, J. ; Ion series and the physical properties of proteins. I. Jour. 
Gen. Physiol., 3, 85-106, Fig. 14 (1920). 

Loeb, J. : The proteins and colloid chemistry. Science, 52, 449-456, 
Fig. 2 (1920). 

** Loeb, J. : Ion series and the physical properties of proteins. II. 
Jour. Gen. Physiol., 3, 247-269, Fig. 9 (1920). 

•• Loeb, J. : Chemical and physical behavior of casein solutions. Ibid., 
3, 547-555, Fig. 6 (1921). 
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of gelatin, as measured by increase in volume, and the highest 
viscosity and osmotic pressure of casein solutions is reached 
at the same hydrogen ion concentrations with the various 
acids, and furthermore with a given protein the same high 
point is reached with the various acids, with the exception of 
sulfuric acid. 

The questions as to the relationships existing between im- 
bibition and hydrogen ion concentration were recognized 
at the time the experimental work by Gortner and Doherty 
was in progress, but at that time no apparatus for the direct 
determination of hydrogen ion concentration was available 
and it was not thought advisable to draw conclusions from 
hydrogen ion data which had been calculated from the ex- 
isting tables of physical constants. 

We have, therefore, determined by the potentiometric 
method the hydrogen ion concentration of the various solu- 
tions of lactic, acetic, orthophosphoric, hydrochloric and 
oxalic acids in the dilutions used by Gortner and Doherty. 
The various solutions were prepared by diluting N/1 solutions 
of the various acids as determined by titration with NaOH 
(using phenolphthalein as indicator) with the required amount 
of distilled water. A Leeds and Northrup potentiometer was 
used for the measurement of the voltage. A Type R high 
sensitivity galvanometer was used as a current detector, and 
the hydrogen electrodes were of the Bailey’* type. All de- 
terminations were made in a constant temperature room kept 
at 25 °. A normal KCl calomel electrode and a flowing junction 
of sat. KCl were used. The millivolt readings were changed 
to pH by means of the tables of Schmidt and Hoagland.*^ 

The imbibitional data given by Gortner and Doherty for 
the “P" (a “strong” patent flour), and the “W 2 ” (a “weak” 
flour) were used. The results are given in Table XVI and 
Fig. 7. 

*« Schmidt, C. L. A., and Hoagland, D. R: Table of pH, H+ and OH" 
values corresponding to electromotive forces determined in hydrogen electrode 
measurements with a bibliography. University of California Publications in 
Physiology. 5, No. 4. p. 23-69, March 29 (1919). 
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The imbibition curves for a ‘‘strong flour,” gluten ”P” and a “weak flour,” gluten 
“W,” in various concentrations of lactic, acetic, ortho phosphoric, hydrochloric, 
and oxalic acids, plotted with the actual hydrogen-ion concentrations of the solu- 
tions in which the discs were immersed as abscissa (before drying, imbibition 

period 50 minutes). 

If we compare the imbibition curves given with the two 
different flours by a single acid, we find that in each instance 
the curve for the flour “P” rises higher than the curve 
for the flour “W,.” The shape of the curves is very 
similar, each rising rather rapidly as the acid concentra- 
tion increases, reaching a flat crest, and then falling. The 
pH of maximum imbibition as indicated on the abscissa does 
not appear to be the same for the various acids, the maximiim 
points extending over a range of pH from 3.25. to 2.25. The 
reason for this difference is probably due to the fact that the 
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Table XVI 


Relative Imbibition of Glutens “P” and “W2,” from the Data of 
Gortner and Doherty, at Various Hydrogen Ion Concentrations 
of Lactic, Acetic, Ortho-Phosphoric, Hydrochloric and Oxalic Acids 


Normality of 
acid solution 

pH of acid solu- 
tion at 25® C 

Grams of water imbibed per gram 
of moist gluten 

“P” 1 “W,” 

Lactic Acid 


N/2 

1 .89 

l.Ol 

0.87 

N/5 

2.11 

l.K) 

0.91 

N/10 

2.27 

1.24 

0.83 

N/25 

2.49 

1.22 

0.86 

N/5() 

2.67 

1.10 

0.71 

N/lOO 

2.82 

0.93 

0.46 

N/2()0 

3.00 

0.82 

0.38 

N/oOO 

3.23 . 

0.63 

0.23 


Acetic Acid 


N/2 1 

2.50 

J .00 

0.61 

N/5 

2.60 

1.05 

0.02 

N/10 

2.85 

1.03 

0.62 

N/25 

3,08 

1.02 

0.54 

N/50 

3.24 

0.93 

0.54 

N/lOO 

3.39 

0.76 

0.42 

N/200 

3.54 

0.65 

0.33 

N/500 

3.76 

0.48 

0.22 


Ortho-Phosphoric Acid 


N/2 

1 .33 

0.70 

0.79 

N/5 

1.59 

0.93 

0.85 

N/10 

1 .79 

1.11 

0.86 

N/25 

2.05 

1.11 

0.79 

N/50 

2.26 

1.04 

0.73 

N/lOO 

2.49 

0.92 

0.65 

N/200 

2.73 

0.71 

0.47 

N/500 

3.08 

0.53 

0.18 


Hydrochloric Acid 


N/2 

0.46 

—0.11 

—0.02 

N/5 

0.81 

—0.02 

0.05 

N/10 

1.09 

0.17 

0.21 

N/25 

1.46 

0.51 

0.43 

N/50 

1.77 

0.74 

0.51 

N/lOO 

2.06 

0.83 

0.55 

N/200 

2.35 

0.77 

0.47 

N/500 

2.73 

0.57 

0.34 
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Table XVI {continued) 


Normality of 
acid solution 

pH of add solu~ 
tion at 25® C 

Grams of water imbibed per gram 
of moist gluten 

“P” 1 "Wt” 

Oxalic Add 


N/2 

1.03 

0.10 

0.13 

N/5 

1.29 

0.32 

0.34 

N/10 

1.52 

0.51 

0.54 

N/25 

1.82 

0.52 

0.53 

N/50 

2.10 

0.65 

0.51 

N/lOO 

2.36 

0.50 

0.44 

N/200 

2.62 

0.42 

0.38 

N/500 

3.00 

0.33 

0.27 


hydrogen ion concentration was measured on the pure solu- 
tions and does not necessarily indicate accurately the hydrogen 
ion concentration in that layer of liquid in actual contact with 
the disc during the whole of the imbibitional period. In the 
case of the strong acids while giving a relatively high con- 
centration of hydrogen ions at the point of greatest imbibition 
the titratable acidity is relatively low. For this reason the 
layer of solution in immediate contact with the disc is soon de- 
pleted of hydrogen ions and the actual hydrogen ion con- 
centration of the solution in contact with the disc is therefore 
much lower than is indicated by a determination in the upper 
parts of the solution. In order to increase the hydrogen ions 
in the immediate vicinity of the disc it is necessary that diffu- 
sion should act over a relatively great distance. In the case 
of the weaker acids the high point of the imbibition curve oc- 
curs at a normality of acid, as measured by titration, that is, 
much greater than is the case with the stronger adds. The 
weak adds by their buffer action tend to replenish the solu- 
tion with hydrogen ions as fast as depleted by the disc. For 
this reason the maximum point of imbibition for the weak 
adds seems in general to occur at a lower hydrogen ion con- 
centration than is the case with the strong adds. We think 
for this reason that these results tend to show that the point 
of maximum imbibition of gluten as measured by the increase 
in weight of discs occurs at practically the same hydrogen 
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ion concentration for the different acids. This conclusion 
has been clearly verified by an entirely different method where 
the errors mentioned above were eliminated. Further data 
on this part will be included in a later paper. 

Discussion 

The results on the rate of imbibition of the different glu- 
tens in the presence of hydrochloric and lactic acids confirm 
the findings of Gortner and Doherty. The differences for 
hydrochloric acids compare very favorably with the results 
they obtained with this acid. The present values show a 
somewhat greater variation between the glutens of the strong 
and weak flours than the differences found by Gortner and 
Doherty. In the case of lactic acid, the differences between 
the glutens are much more marked than any found by Gortner 
and Doherty, the gluten B-780 having almost three times the 
rate of imbibition of the weakest gluten, B-783, indicating 
that the “strong” flour is stronger and the “weak” flour weaker 
than the samples with which Gortner and Doherty worked. 

The imbibitional rates of the various glutens in alkalies 
likewise show marked differences. The behavior of the glu- 
tens to alkalies is somewhat different from the behavior in 
the presence of acids, dispersion beginning almost coincident 
with hydration in the case of the alkalies. If we compare the 
results given with potassium and sodium hydroxide in the 
N/200 concentrations, we find differences greater than any 
found in the case of the acids. When we compare the reaction 
of the glutens to the various alkalies, we find that they fol- 
low the lyotropic series, potassium > sodium > barium and 
calcium > ammonium. 

The imbibitional rate of the strong gluten, B-780, is 
markedly reduced by the addition of M/200 sodium sulfate 
to the potassium hydroxide solution as compared with po- 
tassitun hydroxide alone. B-783 is also affected but to a less 
extent, probably due to the low imbibition in the alkali without 
sodium sulfate. In the case of calcium hydroxide plus M/200 
sodium sulfate, the effect with both glutens is less marked. 
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The effect of the sodium sulfate on the swelling of gluten in 
potassium and calcium hydroxides is in agreement with the 
findings of others for the effect of salts on the swelling of animal 
proteins in alkalies. 

In order to more directly compare the effect of acids and 
alkalies on the imbibitional rate, imbibitional experiments 
were carried out for 25 minute intervals in solutions of lactic 
and hydrochloric acids. These results indicate that under 
the same conditions the effect of the acids is somewhat greater 
than is the effect of alkalies. Here also the difference be- 
tween hydrochloric and lactic acids is not so marked as it is 
in the higher concentrations and the longer intervals of time. 

The studies with the dried glutens indicate that a marked 
change of the colloidal state has taken place in the process of 
drying. This was also shown by the appearance and texture 
of the wet gluten prepared from the dried material. The 
results obtained for the rate of imbibition of the dried material 
with lactic acid show very clearly that the colloidal structure 
has been profoundly altered by the drying process, the most 
pronounced change being in the case of the strong flour gluten 
B-780. It is of interest to note that drying causes the various 
glutens to become more alike in so far as all colloidal proper- 
ties are concerned. The strong gluten in particular shows a low- 
ered imbibitional capacity. This is what might be expected if 
the imbibitional capacity is due to marked colloidal properties, 
for we know that alternate freezing and thawing or subjec- 
tion to alternate moist and dry conditions tends to break up 
the colloid complexes of a soil, and approximately the same 
factors are operating in the present instance. 

The experiments show that results obtained for the dried 
material may not be compared to those obtained on the original 
moist gluten. The object of this investigation was not to in- 
vestigate differences between glutens before and after drying 
but to study the glutens from the strong and weak flours, 
which explains why the drying experiments were not carried 
farther. 
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The determination of the hydrogen ion concentration of 
the solutions of acid used for the imbibitional experiments of 
Gortner and Doherty tends to show that the optimum hydro- 
gen ion concentration for the swelling of discs occurs at a pH of 
3.26 to 2.26. Because the hydrogen ion concentration of the 
solution is not necessarily the hydrogen concentration of the 
swelling layer of the disc, and because of the difference in be- 
havior of strong and weak acids the true optimum probably 
is at a slightly lower hydrogen ion concentration. This in- 
dicates that the optimum hydrogen ion concentration of the 
solution of different acids in actual contact with the swelling 
discs of gluten lies at practically the same value for both 
strong and weak glutens and argues for little or no difference 
in the isoelectric points of the two glutens. 

Summary 

Certain physico-chemical studies were made on the glu- 
tens from four flours, one a high grade patent made from 
northern spring wheat (B-780), one a clear made from north- 
ern spring wheat (B-781), and two flours milled from soft 
western wheats (B-782 and B-783). The baking tests show 
that these flours are distinctly different. B-780 is what is 
known as a strong flour and B-782 and B-783 as weak flours. 

The data presented seem to warrant the following con- 
clusions; 

(1) The rate of imbibition determined in hydrochloric and 
lactic acids is in agreement with the findings recorded in the 
first paper of this series, i. e., the “strong” flour gluten has a 
much lugher rate of imbibition than has a “weak” flour gluten. 

(2) There is a marked difference in the rate of imbibition 
of the different glutens in potassium and sodium hydroxides; 
the difference while not so apparent is noticeable also in the 
case of barium, calcium, and ammonium hydroxides. Here 
again in the case of alkalies the “strong” flour gluten has a 
higher rate of imbibition than has the “weak” flour gluten. 

(3) The reaction of glutens to alkalies appears to be some- 
what different from the reaction of the glutens to acids, 
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dispersion taking place much more rapidly and at lower con- 
centrations in the case of alkalies. Indeed dispersion and 
imbibition are here almost coincident. 

(4) The addition of sodium sulfate to the alkalies of po- 
tassium and calcium markedly lowered the imbibitional rate. 
It does not appear, however, from the shape of the curves that 
a low imbibitional rate in a weak flour is dependent on or de- 
termined by a higher salt content. 

(5) Drying the glutens washed from the different flours 
in a vacuum oven at 45-50° C markedly altered the physico- 
chemical properties of the glutens, the properties of the different 
glutens studied becoming more nearly alike. This observa- 
tion is in complete accord with the theory that the strong gluten 
is strong because of more pronounced colloidal properties 
inasmuch as it is well known that alternate wetting and drying a 
colloidal gel breaks down the gel structure. 

(6) All of the data in the present paper confirm the postu- 
lation of Gortner and Doherty that a weak flour which owes 
its inferior strength to the quality of its gluten is weak because 
of the fact that its gluten possesses markedly inferior col- 
loidal properties and is not so perfect a colloidal gel as is the 
gluten of a strong flour. 

(7) Evidence is presented tending to show that the op- 
timum hydrogen ion concentration for the imbibition of discs 
of gluten is the same for the various acids. 



ELECTROLYTIC PRODUCTION OF SODIUM 
PERBORATE 


BY PEDBR CHR. ALSGAARD 

The perborates, and principally the sodium perborate, 
have been used extensively for a long time in the industry, 
chiefly as a bleaching agent for all kinds of more delicate articles 
such as silk, feathers, ivory, animal fibers, wool, etc. They are 
also applied very much in connection with washing powders 
thereby producing a bleaching effect in addition to the cleans- 
ing one, due to the presence of soap powders, soda ash, etc. As 
a disinfectant and antiseptic they find use in medicine. 

The properties of the solutions of the perborates corre- 
spond exactly to those of hydrogen peroxide, oxygen being 
split off readily in both cases. Thus sodium perborate gives 
off one atom of oxygen forming sodium metaborate; 

NaBOs— >NaB02 + O 

just in the same way as hydrogen peroxide gives off oxygen 
forming water 

H 2 O 2 — -1- O 

This analogy is shown further by the fact that each is converted 
very readily into the other. When sodium perborate is treated 
with a dilute acid, hydrogen peroxide results. If the latter is 
added to a solution of metaborate — as borax and sodium hy- 
droxide— the reverse reaction takes place, and the perborate 
is regenerated. Because of these properties, the sodium per- 
borate may always replace the hydrogen peroxide chemically. 
Since it crystallizes readily, and is then very stable and can 
be kept indefinitely at the ordinary temperature, it affords 
a very convenient substitute for hydrogen peroxide. The 
content of active oxygen in sodium perborate is 10.4 percent, 
according to the formula NaB03.4H20, while the common 3 
percent hydrogen peroxide contains only 1.4 percent of active 
oxygen and is very unstable. 
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In the previous processes for the manufacture of sodium 
perborate, hydrogen peroxide was usually used as the oxidizing 
agent and was simply poured into a solution of borax and 
sodium hydroxide or soda ash, whereupon the perborate 
crystallizes out in large crystals. Instead of hydrogen peroxide 
other oxidizing agents may be used, such as percarbonates or 
sodium peroxide. From the last, it is also possible to obtain 
a compound called “Perborax," Na4B408, having practically 
the same properties as sodium peroxide. All these processes, 
however, are rather complicated, as they imply the inter- 
mediate preparation of an oxidizing agent, for example, hydro- 
gen peroxide, the production of which is rather difficult and 
expensive. Much work has therefore been done by several 
investigators, to find a more direct and economic process for 
the manufacture of sodium perborate by means of electrolysis 
from borax solutions. The difficulties, however, involved in 
the solution of this problem, seemed for a long time to be as 
great as those involved in the electrolytic production of hy- 
drogen peroxide. 

On the request of “Die chem. Fabrik Griinau,” Berlin, 
Professor Kurt Arndt started some research work on the 
problem, and in 1912 he happened to observe that sodixun 
perborate was formed when electrolyzing a solution of borax 
containing sodium carbonate. A condensed report on this work 
may be found in the Zeitschrift fiir Elektrochemie, 22, 63 
(1916). 

By the electrolysis of a solution containing sodium car- 
bonate and borax, sodium percarbonate is probably formed as 
an intermediate, which reacts instantaneously with borax 
forming perborate. By this process it is possible to produce 
sodium perborate directly, doing away with peroxides of hy- 
drogen and sodium. The importance of this invention is 
obvious. 

Some years ago Trygne Valeur did some research work at 
the Institute of Technology of Norway, in connection with 
the electrolytic production of sodium perborate. At that time 
he did not know anything of the work of Kurt Arndt, and the 
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results obtained were absolutely negative. In spite of varia- 
tion of working conditions, and use of different electrolytes 
the quantities of sodium perborate obtained were very small. 
What made the problem look rather hopeless was the fact that 
that on electrolyzing a solution containing some sodium perbo- 
rate, this was decomposed, no matter whether a diaphragm was 
used or not. It thus appeared that on electrolyzing a solu- 
tion of sodium perborate, this is decomposed anodically as well 
as cathodically. After becoming aware of the patents taken 
out by Kurt Arndt, Valeur resumed his research work, and as 
his results were of great value for the subsequent development 
of a technical process for the electrolytic production of sodium 
perborate, they are first dealt with at some length.^ 

As the sodium perborate is more unstable at higher tem- 
perature, it is most likely that the current efficiency will be 
better the lower the temperature. On the other hand, the 
solubility of borax is very small in cold water, and as It may be 
assumed that the current efficiency increases with increasing 
concentration of borax in the electrolyte, the first experiments 
were carried out with a solution of borax and sodium hydroxide. 
On account of the greater solubility of the metaborate, such 
a solution can be made rather concentrated, even at a low 
temperature. 

In order to increase the current efficiency a diaphragm was 
first used. As this causes the alkalinity of the anodic solution 
to decrease, the borax has a tendency to crystallize if no pre- 
cautions are taken. For this reason, from the beginning of the 
electrolysis, there was added an excess of sodium hydroxide 
and the electrolysis was run until the borax began to crystallize 
out. From the results thus obtained, we gain an idea of the 
influence of the alkalinity on the formation of the sodium per- 
borate. It now appeared that the concentration of the sodium 
perborate always increased during the electrolysis, until the 
point where the crystallization of the borax sets in. From 
that moment it begins to decrease, although very slowly. 


^ Cf, Tidsskrift for kemi Farmaci og Terapi, Kristiania, 1916, Nos, 17, 18. 
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Further it was found that this maximum concentration of 
sodium perborate, within a wide range, was nearly indepen- 
dent of the quantity of sodium hydroxide originally added, and 
hence, independent of the time from the start of the experiment 
until the beginning of the crystallization of the borax. This 
indicates that under the prevailing conditions the maximum 
concentration found is the largest obtainable at all. Since 
the sodium perborate is not only produced, but also decom- 
posed at the anode, it seems very probable that there must be 
a concentration, at which the formation and the decomposi- 
tion of the perborate counterbalance each other. 

At first some experiments were carried out to determine 
the influence of the sodium carbonate on the production of the 
sodium perborate. The diaphragm used was a porous cylin- 
drical clay cell, containing 85 cc of the anodic solution. The 
cell was placed in a beaker containing N/l NaOH as cathodic 
solution. The anode was a platinum sheet with a total sur- 
face of 6.4 cm®. The current was 1.6 amperes and the anodic 
current density thus 25 amp/dm®. The cathode consisted of 
an iron plate surrounding the diaphragm cell. In order to keep 
down the temperature, the beaker was placed in ice water. 
The reagents used in these experiments were very pure, as 
impurities proved harmful. The sodium perborate produced 
was titrated in the usual way with N/IO KMn 04 in an acid 
solution (Table I). The figures for the maximum concentra- 


Table I 


Ex. 

No. 

Contents per 100 cc of electrol)rte 

i 

Voltage 
on cell 

Temperature 

Maximum 

concen- 

tration 

1 

4 grs NaaCOa-l-S grs NaOH 
-fl7 grs NasBiOr.lOHjO 

G. 0-7.9 

9 “-13'* 

i 

C 

2.3 

2 

8 grs NaaCOs+S grs NaOH 
-t-17 grs NasBaOa.lOHsO 

6. 2-7. 7 

9 '’-16° 

c 

3.9 

3 

12 grs NasCOa+S grs NaOH 
-|-17grsNasB4O7.10HtO 

6. 4-7. 4 

9°-14° 

c 

5.0 

4 

16 grs NasCOs+S grs NaOH 
-|-17 grs NaaB 4 O 7 * 10 H 2 O 

6.5-7. 7 

9°-14° 

c 

5.7 
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tion refer to the amount of N/10 KMn 04 in cc used for the 
titration of 1 cc of electrolyte. The maximum concentration 
was reached after 6-8 hours of electrolysis. It appears that 
the production of sodium perborate is increased essentially 
by increasing the concentration of sodium carbonate in the 
electrolyte, which is only what might have been expected be- 
forehand. In experiment No. 4 the solution is decidedly su- 
persaturated with respect to the sodium carbonate; but no 
salt crystallizes during the electrolysis, nor was there any pre- 
cipitation of sodium perborate in any of the experiments. If, 
instead of sodium carbonate alone, a mixture of sodium and 
potassium carbonates is used in the electrolyte a still higher 
maximum concentration of sodium perborate may be obtained. 
vSome experiments were then carried out with electrolytes cor- 
responding to those in Table I, with an addition of small 
amounts of different substances. Thus sodium fluoride was 
tried, which raises the overvoltage; also sodium phosphate, 
which is stated to stabilize perborate solutions, and many 
others. In most cases the addition had practically no effect 
upon the formation of the perborate, and in some they were 
detrimental. Sodium silicate — water-glass — however, proved 
to be favorable, as is shown by the following three experiments. 

Tablb II 


Kx. 

No. 

Contents per 100 cc of electrolyte 

Voltage 
on cell 

Temperature 

Maximum 

concen- 

tration 

5 

8 grs Na 2 C 03 + 8 grsNaOH+ 
17 grs Borax+3 cc water-glass 

7.4-8. 1 

CD 

O 

5.25 

6 

12 grs Na 2 C 03+8 grs NaOH+ 
17 grs Borax+3 cc water-glass 

G.G-7.8 


6.G5 

7 

As in experiment G 

7. 1-7.5 

9°-14° 

7.05 


Except for the content of water-glass, the working conditions 
of these experiments were the same as in the experiments 
Nos. 2 and 3. (Table I.) 

In all these experiments a layer of silica was formed on 
the anode. This layer, however, became visible only at the 
end of the experiment. When electrolyzing a solution con- 
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taining only water-glass, practically no sodium perborate was 
formed. There is therefore a marked difference between so- 
dium carbonate and water-glass, as to their effect upon the 
formation of perborate. This difference is also shown by 
the fact that the effect of the water-glass as contrasted with the 
sodium carbonate is independent of the quantity added within 
a wide range. In all these experiments platinum has been 
used as an anode. It would, however, be of great interest, 
if the platintun could be replaced by a cheaper material. 

Experiments were therefore carried out with lead, nickel, 
iron and graphite ; but the.se metals all proved unsuitable. In 
some cases — ^lead and nickel— -some perborate was formed; 
but the amounts were too small to make them available. 
By the use of an anode of nickel, the maximum concentration 
obtained corresponded to the amount of0.5cc of N/10KMnO4 
used per 1 cc of the electrolyte. 

The next problem was to determine the effect of the cur- 
rent density upon the maximum concentration of sodium per- 
borate. From the previous experiments it follows that the 
concentration of the sodium carbonate should be as high as 
possible, and for that reason, the electrolyte in all cases was 
practically saturated with sodium carbonate. The working 
conditions were exactly as in the previous experiments. The 
current was always 1.6 amperes and consequently the size 
of the anode had to be varied in order to get a variation in the 
current density. The results of these experiments are tabu- 
lated in Table III. From this it will be seen that the most 
favorable current density varies from 25-35 amp/dm®. When 
the electrolyte contains water-glass, the favorable current den- 
sity is apparently somewhat higher than in the cases where no 
water-glass is used. These experiments also show the favor- 
able influence of the water-glass on the maximum concentra- 
tion of the sodium perborate. 

Besides the current density, there is another factor that 
might be of importance to the current efficiency, namely the 
temperature. When determining the temperature most fav- 
orable to the electrolysis, it must be borne in mind that the 
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Ex. 

No. 

Contents per 100 
ccof electrolyte 

Current 

density 

Voltage* 
on cell 

Temper- 

ature 

Maximum 

concen- 

tration 

8 

12 grs sodium 
carbonate+ 

16 amps/dm* 

6. 0-6. 7 

8‘’-12“ 

3.0 

3 

8 grs NaOH 
+ 17 grs 
Borax 

12 grs sodium 
carbonate+ 

25 amps/dm^ 

6. 4-7. 4 


5.0 

9 

8 grs NaOH 
+17 grs 
Borax 

12 grs sodium 
carbonate+ 

35 amps/dm* 

7. 4-8.0 

lO'-U® 

4.0 

10 

8 grs NaOH 
+ 17 grs 
Borax 

12 grs sodium 
carbonate+ 

50 amps/dm^ 

7. 2-8. 6 

1 

9°-16° 

3.8 

11 

8 grs NaOH 
+17 grs Borax 
12 grs Na*C 03 
+8grsNaOH+ 

16 amps/dm® 

7. 0-7. 5 

10M4'* 

5.4 

12 

] 

17 grs Borax + 

3 cc water- 
glass 

12 grs NajCOj 
+8grsNaOH+ 

25 amps/dm* 

6.4r-8.0 

9“-15° 

6.5 

13 

17 grs Borax+ 

3 cc water- 
glass 

12 grs NasCOs 
+8grsNaOH+ 

35 amps/dm* 

J 

7.5-8. 5 

10M4“ 

6.6 

14 

17 grs Borax+ 

3 cc water- 

12 gTS^N^COj 
+8grsNaOH+ 

50 amps/dm* 

8.2-9.2 

9M6® 

6.1 


17 grs Borax+ 

3 cc water- 
glass 
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solubility of the sodium carbonate, will vary at the different 
temperatures. When varying the temperature, it is therefore 
necessary also to vary the composition of the electrolyte, and 
to take care that the electrolyte is always practically saturated 
with sodium carbonate. In this way the most favorable 
temperature was found to be about 10°-12° C, which is shown 
by the following three experiments. Table IV. 


Table IV 


Kx. 

No, 

Contents per 100 cc of electrolyte 

Voltage 
on cell 

Temperature 

Maximum 

concen- 

tration 

15 

8 grs NaaCOg+S grs NaOH 
+ 17 grs Borax + 3 cc of 
water-glass 

ca 10 0 

1— 1 

O 

o 

4.7 

16 

12 grs NaaCOg+Sgrs NaOH 
+ 17 grs Borax + 3 cc of | 
water-glass 

6.4-7.<S 


0 . 45 

17 

1() grs NauCOg+S grs NaOH 
+ 17 grs. Borax + 3 cc of 
water-glass 

().9 7., 5 

10°--22° 

4.5 


The experimental conditions were as before — current 
density 2.5 amp/dm^ the only difference being the borax which 
had not been re-crystallized, and therefore caused a decrease 
in the current efficiency. 

In spite of the fact that the concentration of the .sodium 
perborate in many of the solutions was rather high, it never 
crystallized even when the solution was cooled down to 0° C. 
This is rather peculiar, as the solubility of sodium perborate in 
water is rather low. In order to get a more general idea as to 
the conditions of solubility, some experiments were made with 
very .strong solutions of sodium perborate, prepared by means 
of hydrogen peroxide. The solutions were inoculated with 
crystals of sodium perborate and allowed to stand at 0° C 
for crystallization. By means of continuous analysis of the 
solution, the rate of crystallization could be followed, and 
the solubility determined in the different cases. First it 
proved that the sodium perborate has a very marked ten- 
dency to form supersaturated solutions. Usually crystalliza- 
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tion does not take place unless the solution is inoculated, and, 
in most cases, several days were required to bring the crystal- 
lization to an end, and to get a constant amount of sodium 
perborate in solution. Then it proved that sodium metaborate 
and sodium hydroxide increase the solubility of sodium per- 
borate, while an addition of sodium carbonate causes some 
decrease in the solubility. It may be noted that it proved im- 
possible to induce the sodium perborate to crystallize at 0° C 
from a solution containing per 100 cc 33 grs of borax, 12 grs of 
NaOH, and 20 cc of about 10 percent H 2 O 2 , although the 
amount of N/]0KMnO.i used per cc of the solution was 
12-13 cc. In pure water, however, the solubility was much 
less, the anount of N/10 KMnOi used per cc being only 1.2 cc. 
The reason for these solubility relations is most probably the 
formation of some complex or double salt. These changes 
in solubility are verj’ important when making sodium perbo- 
rate on a technical scale. The only thing to do in this case 
seems to be to use solutions containing less metaborate. In 
order to illustrate the state of things, when decreasing amounts 
of metaborate arc in solution, the results of some experiments 
are given in Table V. The working conditions were as de- 
scribed before and the current density was 35 amps dm-. 

As mentioned before, it was impossible to induce ciy'stal- 
lization of the sodium perborate in the experiments 9 and 13. 
In experiments 18 and 19, however, after cooling down to 0° C 
and filtering off the sodium carbonate which crystallized out, 
small quantities of sodium perborate were induced to crystal- 
lize by inoculation with sodium perborate crystals, and in the 
experiments 20 and 21, after inoculation of the solution, the 
sodium perborate crystallized at the temperature used in 
the electrolysis (12'’-13° C). The favorable effect of the 
water-glass is also obser\'ed in these experiments, but it is also 
seen that the influence decreases with the concentration of the 
borate in the electrolyte, and in such a way that the maximum 
concentration without water-glass is practically independent 
of the concentration of the borate, while the decrease is very 
marked where water-glass is present in the solution. 
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Ex. 

No. 

Contents per 100 cc of electrolyte 

Voltage 
on cell 

Temper- 

ature 

Maximum 

concen- 

tration 

9 

12 grs Na^CO* -f 8 grs NaOH 
-fl? grs Borax 

7.4-8.0 

10 “-U® 

4.0 

13 

12 grs Na«CO,-i-8 grs NaOH-|- 
17 grs Borax-i-3 cc water-glass 

7. 5-8. 5 

10®-14® 

6.6 

18 

12 grs NaaCOa+S.S grs NaOH 
+ 12 grs Borax 

8. 0-8. 3 

11®-14® 

4.2 

19 

12 grs Na 2 C 03 + 5.5 grs NaOH 
+ 12 grs. Borax + 3 cc water- 
glass 

7. 2-7. 7 

10®-13° 

5.5 

20 

12 grs Na2C08+4.5 grs NaOH 
+8 grs Borax 

7. 4-7. 9 

11®-14® 

4.1 

21 

12 grs Na 2 C 03 + 4.5 grs NaOH 
+8 grs Borax+3 cc of water- 
glass 

o 

op 

to 

11°-14® 

5.2 


As soon as it is possible to prepare solutions saturated or 
supersatiurated with respect to sodium perborate, the most 
important question is no longer the maximum concentration 
but the current efficiency at that concentration of sodium 
perborate where the solution is saturated. 

When in the experiments 20 and 21, the amounts of sodium 
hydroxide are varied, the time required for the reaching of the 
maximum concentration varies also and hence the current effi- 
ciency. The highest current efficiency obtained in this way at 
the concentration of the saturated solution, was 35 percent 
with and 30 percent without water-glass in the electrol 3 ^e. 
At the temperature in use (12°-13° C) the concentration of 
the saturated solution corresponded to the amount of about 
2.7 cc of N/10 KMn 04 used per cc of the electrolyte. 

This is, however, still rather high and it proved more 
favorable to work with solutions containing no sodium hydrox- 
ide at all, hence no metaborate. The maximum concentration 
certainly decreases markedly when doing so, as the contents of 
borate in the solution becomes rather small; but at the same 
time the solubility of the sodium perborate decreases to such a 
degi%e that the current efficiency at the concentration of the 
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saturated solution increases considerably. A further ad- 
vantage is the possibility of doing away with the diaphragm. 
This is certainly practicable, also in the previous experiments 
where sodium hydroxide is used. The losses in current effi- 
ciency, due to cathodic reduction of the perborate increases, 
however, rather markedly with increasing concentration of 
the perborate. When therefore no diaphragm is used, the 
decrease in current efficiency is much greater, when the elec- 
trolyte contains sodium hydroxide, as compared with the 
cases where no sodium hydroxide is employed, and the con- 
centration of sodium perborate therefore is much less. The, 
concentration of such a solution, when saturated, corresponds 
to the amount of only 0.9-- 1 cc of N/10 KMn 04 used per cc of 
the solution. (Cf. ex. No. 22.) The variation of the cur- 
rent efficiency in relation to the concentration of perborate may 
be seen from Table VI. The solution employed contained 

Table VI 


Kx. 22 

Contents per 100 cc of 
electrolyte 

Amp hrs 
from start 
of the 
experiment 

Amount of 
cc N/10 
KMnOi 

Current 
efficiency 
in percent 

12 grs Na« COj 

0 

0 

49.5 

-4- 4.5 grs Borax 

0.5 

1.1 

.33.8 

-t- 0.2 gr NajCraO, 

1.0 

1.85 

29.2 


1.5 

2.5 



per 100 cc 12 grs of NazCOs, 4.5 grs of crystallized borax, 
and 0.2 gr of sodium bichromate. The cathode consisted of 
two zigzag bent nickel wires, one on each side of the anode, 
of 1.5 mm diameter, and an effective length of 205 mm. The 
surface was accordingly about 9.6 cm'*. The current was 1.6 
amperes; the current density about 17 amp/dm**, the anodic 
current density 35 amp/dm®; the volume of the solution 85 cc; 
the temperature 11°-13° C; and the voltage on the cell about 
6.5 volts. 

As previously mentioned, it is also practicable, instead of 
sodium carbonate alone, to employ a mixture of sodium and 
potassium carbonates in the electrolytes. This makes it pos- 
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sible to increase the total amount of carbonate in the solution, 
which causes an increase in the maximum concentration 
of the sodium perborate and a higher current efficiency. 
The addition of potassium carbonate, however, increases si- 
multaneously the solubility of the sodium perborate, and as 
we are here concerned chiefly with the current efficiency 
at the concentration of a saturated solution, this effect to some 
extent counterbalances the increase in current efficiency. 
When the amount of potassium carbonate is not tod large, this 
increase in solubility is relatively small. The best results 
were obtained with a solution containing per 100 cc 10 grs of 
sodium carbonate, 7 grs of potassium carbonate, 4.5 grs of 
borax and 0.2 gr bichromate, cf. Table VII. The concen- 

Table VII 


Ivxp. 25 

Contents per 1 (X) cc of 
electrolyte 

Amp hrs 
from start 
of the 
experiment 

Amount of 
cc N/10 
KM 11 O 4 

Current 
efficiency 
in percent 

10 grs Na 2 C 03 

0 

0 

54.0 

+ 7 grs K 2 CO 3 + 4.5 

0.5 

1.2 

40.3 

grs Borax + 0.2 gr 

1.0 

2.45 

30.0 

Na 2 Cr 207 

1.5 

3.0 



tration of the saturated solution in this case corresponded to an 
amount of 1.1 cc N/10 KMn 04 used per 1 cc of electrolyte. 
The temperature was maintained at 10°-13° C, and the volt- 
age was about 6 volts. For the remainder of the experiment 
the working conditions were the same as those employed in 
experiment No. 22. Also in this experiment an addition of 
water-glass proved favorable, when the amount was not too 
large. In Table VIII are given the results of an experiment 
which differs from the above experiment only in so far as the 
electrolyte contained three drops of water-glasS per 100 cc. 
When sodium perborate is to be manufactured on a technical 
scale, the most ideal condition would be the continuous crys- 
tallization of the sodium perborate during the electrolysis, 
and the simultaneous addition of the raw materials as they 
are consumed in the process. In order to have the sodium 
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Kxp. 24 

Contents per 100 cc of 
electrolyte 

Amp hrs 
from start 
of the 
experiment 

Amount of 
cc N/10 
KMn04 

Current 
efficiency 
in percent 

10 grs NajCOs -}- 7 grs 

0 

0 

06 4 

K 2 CO 3 + 4.5 grs Borax 

0.5 

l.T) 

43.0 

-)- 0.2 gr NaCraO? -f 3 

1.0 

2 .:^ 

30.1 

drops water-glass 

1.5 

3.1 



perborate crystallize out without the concentration rising too 
high above the concentration of the saturated solution, the slow 
crystallization of the salt makes it necessary to use rather large 
electrolyzing cells and a relatively small current. In the 
following are given two experiments, carried out in a relatively 
large electrolytic cell, with a lower surface of C60 cm-, and con- 
taining 2.5 liters of electrolyte. 

The electrolysis was run for a period of 40 hours. When 
the concentration of the saturated solution was reached, the 
solution was inoculated with crystals of sodium perborate. 
Borax and sodium carbonate were added as they were consumed 
in the process. In the first experiment — using no water- 
glass — after crystallization had started and equilibrium at- 
tained, the concentration remained between 1.8 and 1.9 cc of 
N/10 KMn 04 used per cc of electrolyte. The sodium per- 
borate which crystallized out during the experiment, was care- 
fully washed, dried, weighed and analyzed. The current 
efficiency was calculated to be 31.8 percent. 

In the other experiment, using 2 cc of water-glass per liter 
of the electrolyte, equilibrium was established at an amount of 
2-2.1 cc of N/10 KMn 04 used per cc of electrolyte, and the 
current efiiciency amounted to 37.5 percent. As the con- 
tration of the saturated solution corresponds to the amount 
of about 1.1 cc of N/10 KMn 04 per cc of electrolyte, there 
is no doubt that the current efficiency can be improved con- 
siderably by using still larger electrolytic cells, in which case 
the equilibrium is established at a lower concentration of 
perborate. These experiments, carried out by Valeur cleared 
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up the process for the electrolytical production of sodium per- 
borate in a large measure, and threw light upon the most im- 
portant factors governing the process. For the technical 
and commercial utilization of the process, further important 
problems had to be solved, and the writer therefore, some 
years later, in the emplo)rment of 0. Collett and Co., started 
some new research work in order to develop a technical proc- 
ess for the electrolytic production of sodium perborate. The 
process was in operation in Germany during the war, and plans 
were considered to extend the work on a very large scale. 

The first experiments were practically a repetition of the 
experiments already carried out by Valeur, but on a somewhat 
larger scale. The external cooling with ice water is of course 
out of the question in a technical process. The solution was 
therefore cooled by running cold water through the cathode 
which for this purpose consisted of a pipe of copper, suitably 
shaped, and coated with a layer of tin or nickel. The results 
obtained were practically the same as those found by Valeur. 
It will therefore be suflBcient to refer to only one of these ex- 
periments, the results of which are shown graphically in Fig. 1 . 
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Fig. 1 

As abscissa is used the number of ampere hours per liter of the 
electrolyte, and as ordinate the amount of N/10 KMn 04 
used per cc of the electrolyte, 1 cc of N/10 KMn 04 corre- 
sponding to 7.7 grs of perborate per liter of the electrolyte. 
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The current wsis 6 amperes and the voltage on the cell 
about 5 volts. The volume of the electrolyte was 400 cc and 
the temperature was kept at 9®-10° C. Tlie electrolyte had 
the following composition per liter: 

100 grs of NaaCOs 
75 grs of KjCOs 
45 grs of Borax 
2 grs of Potassium chromate 

It is seen from the curve that the current efficiency falls off as 
the concentration of the sodium perborate increases, and on ex- 
trapolation becomes zero. By further electrolysis the con- 
centration of the perborate remains constant, and equal 
amounts of perborate are formed and decomposed. The 
solutions of perborate obtained, however, did not appear to be 
stable. When allowed to stand, the content of perborate 
gradually decreased. The rate of decomposition varied to 
some extent, but it was always observed in spite of the use 
of very pure reagents. This decomposition is inevitable, as 
it had been stated by Valeur that great surfaces and volumes, 
as compared with the employed load of ampere, were necessary 
in order to cut down the concentration of the perborate and 
to increase the current efficiency. On account of the spon- 
taneous decomposition of the perborate, the beneficial effect 
of a greater volume is of course limited, as the decomposition 
is proportional to the volume of the electrolyte employed. 
The decomposition of the sodium perborate is, as in the case 
of a solution of hydrogen peroxide, in the main effected by the 
catalytic action of impurities present in the solution. It was 
impossible to prepare a solution which was absolutely stable, 
even at very low temperatures. The decomposition proved 
chiefly to be due to iron, which is rather peculiar, as iron is 
generally not supposed to be soluble in sodium carbonate. 
Efforts were now made to purify the raw materials. The 
crystallized high grade commercial borax (99.5% Na 2 B 407 .- 
lOHiO) may be used directly. The commercial soda ash, 
however, with 98-99 percent Na^COg, has to be purified, as 
it always contains traces of iron. The content of sodium 
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chloride is unimportant, as a concentration of 5 grs of NaCl 
per liter of the electrolyte does not affect the current efficiency 
at all. An attempt was made to precipitate and remove the 
iron from the solution of sodium carbonate by boiling, by ad- 
dition of several substances, colloids, alumina, ferric oxide, 
etc.; but all in vain. The only way left was to purify the 
sodium carbonate by crystallization. From the equation 
for the formation of sodium perborate from sodium carbonate 
and borax; 

Na2B407+Na2C03+4 O— *'4NaBOs+C()2 it is noticed that CO2 
is set free, and that the materials actually consumed are borax 
and sodium hydroxide. In order to maintain the initial and 
favorable concentration of borax and sodium hydroxide, 
these substances must be added to the electrolyte during the 
process of the electrolysis. 

The employment of sodium hydroxide involves another 
problem, as it is very difficult to obtain this material of the 
purity required for the perborate electrolysis. It may be 
obtained from pure sodium carbonate by caustification with 
pure lime, or sodium carbonate may be used instead of sodium 
hydroxide, and the CO2 formed by the electrolysis removed by 
treatment of the electrolyte with pure lime. However, either 
one of these methods is rather expensive, and not very sat- 
isfactory. A more favorable method was the caustification 
of the electrolyte by means of electrolysis. The electro- 
lyte, which in this case was made purposely rich in sodium 
bicarbonate, was fed to the cathodic compartment of an elec- 
trolytic cell, canvas being used as a diaphragm, and electro- 
lyzed until the greater part of the bicarbonates and carbonates 
of sodium was converted into sodium hydroxide. This proc- 
ess worked very satisfactorily; but as it requires special elec- 
trolytic cells, it makes the process more complicated. 

Further experiments were therefore carried out in order 
to find another method for the removal of the excess of carbon 
dioxide. It had been observed that the carbon dioxide is 
partly liberated at the anode and thus removed from the 
electrolyte by the primary electrolytic process. As this fact 
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may be used for the removal of the carbon dioxide, set free by 
the formation of sodium perborate, some experiments were 
carried out in order to determine under what conditions this 
evolution of carbon dioxide takes place. The method which 
suggests itself, is to carry out the electrolysis, in such a way 
that the absorption of the liberated carbon dioxide is cut 
down to such an extent that the quantity set free corresponds 
to the consumption of sodium carbonate for the formation 
of perborate. This proved to be possible by using as an 
electrolyte a solution containing a large amount of sodium 
bicarbonate compared with the total amount of carbonate 
present, and by lessening the submergence of the anode in 
the electrolyte. It also proved favorable to work with elec- 
trolytes containing no or only small amounts of potassium 
carbonate. The elimination of the potassium carbonate is 
also desirable from the point of view of regeneration of the 
substances dissolved in the electrolyte. As the electrolysis 
proceeds, and new raw materials are added to the system, 
impurities gradually accumulate in the electrolyte, and 
the decomposing influence on the perborate becomes more 
marked. From time to time it is therefore necessary to 
replace the electrolyte partially by fresh solution. The 
regeneration of the sodium carbonate and the V)orax from the 
old electrolyte does not offer any difficulties, as this is easily 
done by evaporation and crystallization. The regeneration 
of the potassium carbonate, however, and further, the puri- 
fication of the commercial potassium carbonate involve sev- 
eral difficulties. F'or these reasons it would be a great ad- 
vantage to use an electrolyte containing borax and sodium 
carbonate only, and no potassium carbonate at all. The cur- 
rent efficiency certainly would diminish in this case, but at 
the same time the lesser solubility of the perborate in the elec- 
trol3rte produces better conditions of crystallization. Ex- 
periments along this line were made in connection with the 
next problem to be solved, namely the crystallization of the 
sodium perborate from the electrolyte. 

From the current efficiency cturve it is noticed that the 
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lower the concentrations of the perborate in the electrolyte 
the higher the current efficiency. In order to keep the con- 
centration of the parborate low, Valeur in his last experiments 
used a very large lower surface as compared with the ampere 
used, and still the conc^tration maintained at a volume 
corresponding to the amount of 2 cc of N/10 KMn04 used 
per cc of the electrol 5 ^e. If the same relative area were to be 
used, when working on an industrial scale (one ton per day), 
this would mean a surface of about an acre. This is of course 
impossible. At the same time this involves the use of large 
volumes of electrolyte per ampere, which is unfortunate, 
because of the spontaneous decomposition of the per- 
borate. The solution of the problem offered several diffi- 
culties, which at last were overcome, and it proved pos- 
sible to reduce the volume of the electrolyte substantially. 
In one of these experiments 1.8 liters of electrolyte were elec- 
trolyzed with 6 amperes at a temperature of 10° C. The so- 
lution had the following compositions per liter : 

45 grs of Borax 
130 grs of Sodium carbonate 
45 grs of Sodium bicarbonate 
2 grs of Potassium bichromate 
2 grs of Water-glass. 

Potassium carbonate was not used. When equilibrium was 
established the concentration of the perborate in solution cor- 
responded to an amount of about 1.5 cc of N/10 KMn 04 used 
per cc of the electrolyte. The ciurent efficiency, with refer- 
ence to the washed, dried, and analyzed salt, amounted to 
about 40 percent. 

When the research work on this preliminary smaller 
scale had led to satisfactory results, and the process had been 
given a shape suited for development, experiments were 
started on a large scale, to determine what modifications of 
the apparatus and process were necessary; to determine, for 
instance, what form and dimensions of the electrodes were to 
be used on an industrial scale. The results from these ex- 
periments confirmed to the full the results obtained in the 
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previous experiments, and also furnished the facts and figures 
necessary for the technical design of the process and the cal- 
culation of the costs of production. 

As to the latter, these of course depend to some extent on 
the local conditions; but some figures may be stated, which 
give an idea of the production costs. The outstanding items 
are the cost of raw materials, power and labor. The raw ma- 
terials required per ton of perborate are: 

Borax 700 kg 
Soda ash 200 kg 

Assuming a production of one ton of sodium perborate per 
day, and 330 days of operation a year, the electric power re- 
quired for the electrolysis, calculated as direct current, will 


be 315 H. P. 

Mechanical power, power for cooling plant 130 H. P 

Total Power, say 450 H. P. 

Number of laborers, about 10 


In the case that the perborate electrolysis is operated in con- 
nection with another electrolysis, this figure is reduced con- 
siderably. The amount of platinum required for this produc- 
tion is about 7 kg. 



VAPOR PRESSURE OF SELENIUM OXYCHLORIDE 


BY VICTOR LBNHER, G. B. E. SMITH AND G. G. TOWN 

In the preparation of selenium oxychloride, it has been 
the practice in this laboratory, for purposes of purification, 
to distill under reduced pressure. In this paper are presented 
the observed vapor pressures of selenium oxydiloride at tem- 
peratures ranging from 85° to 177° and at pressures from 21 
mm to 740 mm. Selenium oxychloride, when distilled under 
considerably reduced pressures, has a light straw color and by 
analysis shows that it is a quite pure product. Such selenium 
oxychloride freezes at 10.8° C and boils at 177.2° C at 744 mm 
pressure. 

When selenium oxychloride is distilled under atmospheric 
pressure, it decomposes slightly as is evidenced (1) by the 
condensation of small amounts of selenium dioxide on the 
neck of the distilling flask, (2) by the change of color in the 
distilling flask from that of a pale straw to a reddish brown, 
which change on cooling partially reverses, (3) by the slight 
increase in its boiling point. 

At or near the boiling point and under atmospheric pres- 
sures, the minor decompositions of selenium oxychloride 
which take place have been noted and are as follows ; 

2 SeOCl 2 ^ vSeOo -|- vSeCh 
2 SeCL SeaCL + 3 CL 
2 Se 2 CL - SeCL, -f 3 Sc 
4 SeOCL SeaCL + 2 SeOs -f- 3 CL 

A series of vapor density experiments in the ordinary 
Victor Meyer apparatus using alpha brom-naphthalene 
yielding a temperature of 265°-290° in the heating chamber, 
ranged from 164.4 to 141.5 for the molecular weight, the 
mean of the observed values being 151.4 by this method. 
There is apparently a small amount of dissociation of the sub- 
stance appearing as a factor at these temperatures. By 
reducing the pressure and thus distilling at a lower temperature 
these minor decompositions are very largely obviated. 
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Apparatus 

The apparatus used for the determination of the vapor 
pressures between 85° and 120° C was a modification of the 
Ramsay-Young* apparatus. This consisted of a distillation 
chamber with a glass tube sealed on the top, the thermometer 
being hung to a ground glass stopper in the top of the tube. 
The selenium oxychloride was introduced from a separatory 
funnel which was connected to a distillation chamber by means 
of a glass tube sealed into the side of the chamber in such a 
manner that the selenium oxychloride would run down the 
thermometer. The bulb of the thermometer was wound with 
glass wool which was tied on with the glass wool itself. The 
chamber was immersed in a phosphoric acid bath. The 
distillation chamber was connected to a condensing flask by 
means of a glass tube and ground-glass joint, the condensing 
flask being immersed in cold water. The condensing flask 
was in turn connected to the vacuum system. The vacuum 
system consisted of three equalizing bottles of twenty liters 
capacity each, a soda-lime tower and a U-tube manometer. 
A partial vacuum was maintained by a large water pump. 
When the selenium oxychloride had started to distill, the tem- 
perature and pressure were read simultaneously. 

Observations were recorded in the modified Ramsay- 
Young apparatus at pressures up to 105.8 mm. which gave 
a B. P. of 117.2°. Above this pressure and temperature, it 
is considered that the method does not give sufficiently accu- 
rate results. For the higher temperatures a distillation 
flask was used. The thermometer was laid in a tube sealed 
into the side of the distilling flask, the bulb of the thermometer 
projecting into the neck of the flask. The flask was heated 
on a sand bath by means of an electric hot plate. The pres- 
sure was read directly on a syphon barometer which was con- 
nected to the vacuum system. The thermometer was also 
calibrated in the apparatus against boiling water and boiling 
selenium oxychloride under atmospheric pressure in order to 


‘ Jour. Chem. Soc., 47, 42 (1885). 
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determine whether the readings were correct at the position 
in which the thermometer was placed in the apparatus. 

Experimental 

The Vapor Pressures of Selenium Oxychloride . — The sel- 
enium oxychloride used in these measurements was prepared 
according to the method given by I^enher,^ care being taken 
that it did not contain such impurities as water, selenium 
dioxide, selenium monochloride, selenium tetrachloride or 
excess chlorine. Observations were made in the Ramsay and 
Young apparatus for a period of approximately thirty minutes. 
The apparatus was always cleaned and thoroughly dried 
before each set of observations. These precautions were 
taken to prevent any inaccuracies caused by decomposition 
products which might have acciunulated in the apparatus. 
For the higher temperatures, where the distillation method 
was used, the same care was exercised. Tables I-II contain 
the observed vapor pressures under these conditions. 

The effect on the vapor pressure of such substances as may 
be formed in selenimn oxydiloride by superheating has been 
studied at diminished pressures and at the corresponding lower 
temperatures. 

Elementary selenium added in excess exerts practically 
no measiurable effect on the vapor pressures of selenium 
oxychloride at temperatures between 90 degrees and 120 
degrees. 

Selenium monochloride dissolved in selenium oxychloride 
to the extent of 20 percent likewise gives no measurable 
effect on the vapor pressure at temperatures between 89 
degrees and 121 degrees. In a similar manner selenium di- 
oxide added to selenium oxychloride in quantities up to satma- 
tion at 20° shows no measurable effect on the vapor pres- 
sure of seleniiun oxychloride at temperatures between 91 
degrees and 135 degrees; nor does seleniiun tetrachloride up 
to the saturation point at 20° show any effect between 89 
degrees and 130 degrees. 

> Jour. Am. Chem. Soc., 42, 2498 (1920). 
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Tabus I 


Pressure 

B. P. 

Pressure 

B. P. 

21 

84.3 

55.3 

102.8 

22 

85.5 

56.3 

. 103.3 

23 

86.0 

56.4 

103.4 

29.4 

89.0 

56.7 

104.0 

29.4 

89.1 

58.4 

104.4 

35.6 

94.0 

60.0 

104.8 

35.9 

94.2 

67.0 

107.9 

36.3 

94.7 

68.9 

108.4 

37.0 

95.1 

68.7 

108.8 

38.2 

95.5 

69.0 

108.3 

38 . 5 (2 observations) 

95.0 

73.0 

109.1 

39.7 

95.7 

74.9 1 

109.5 

.39.0 

95.8 

76.0 

109.8 

39.4 

96.0 

78.0 

111.2 

40.0 

96.4 

80.0 

111.9 

40.6 

96.8 

82.4 

112.4 

42.0 

97.0 

83.0 

112.8 

43.5 (2 observations) 

98.5 

84.1 

112.8 

47.7 (2 observations) 

100.8 

88.8 

113.5 

48.6 

101.0 

93.4 

114.4 

50.4 

101.5 

97.1 

115.7 

51.6 

102.0 

105.5 

117.0 

52.2 

102.2 

105.5 

117.1 

52.5 

102.6 

105.8 

117.2 

52.5 

102.7 

— 

— 


Tablb II 

Distillation Method 


Pressure 

B. P. 

Pressure 

B. P. 

138 

123.5 

402 

153.5 

142 

124.7 

425 

155.0 

162 

127.0 

466 

159.0 

174 

128.5 

479 

159.6 

183 

130.5 

492 

160.5 

187 

131.5 

511 

161.8 

209 

133.5 

512 

162.0 

232 

136.5 

528 

163.2 

256 

139.0 

551 

164.5 

266 

141.3 

571 

166.5 

269 

142.0 

614 

168.0 

313 

146.0 

641 

169.0 

319 

147.0 

728 

176.4 

393.5 

152.8 

740 

177.2 

395 

153.0 

— 

— 
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The following equation gives the vapor pressure of sel- 
enium oxychloride deduced from the observations made: 

QOA q 

Log P= 5.8503 + .000219T-^^ 

In this equation P=the vapor pressure in mm and T the 
corresponding temperatures on the absolute scale. * 



CATALYTIC PREPARATION OF ANILINE 


BY O. W. BROWN AND C. O. HENKE 

Intpoduction 

Sabatier^ found that nitrobenzene was reduced by hy- 
drogen in the presence of active nickel, yielding aniline, am- 
monia, benzene, cyclohexane, cyclohexylamine, dicyclohexyl- 
amine, cyclohexylaniline, and a little diphenylamine. With 
a more active nickel and at a higher temperature, the nitro- 
benzene was reduced even to ammonia and methane, while 
with a less active nickel only aniline was produced. He found 
copper to be a better catalyst than nickel for the production 
of aniline because its action did not extend to the aromatic 
ring. In this paper we shall give the results of some studies 
of this reduction of nitrobenzene to aniline in the presence 
of nickel and copper catalysts. The object in view was to 
study quantitatively the behavior of these two catalysts and 
to determine the various factors affecting their activity, as 
measured by the yield of aniline secured. 

Apparatus 

In order to make these studies an apparatus was required 
which would permit: (1) an accurate method of measming 
the temperature of the gaseous mixture while in contact with 
the catalyst; (2) an even flow of nitrobenzene which could be 
easily regulated and accurately known; (3) an even flow of 
hydrogen which could be easily regulated independently of 
the nitrobenzene; (4) a means of quantitatively receiving the 
product, so that it could be quantitatively determined. After 
many attempts an apparatus was finally devised which ful- 
filled all requirements, and since it has proved very satisfactory 
a full description follows. 

The apparatus is shown diagrammatically (to scale) in 
Fig. 1. A is a flowmeter used to measure the rate at which 
the hydrogen was passed into the furnace. This was cali- 

« Sabatier: "Ea Catalyse," 1st Ed., pp. 60, 91 and 107 (1913). 
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Fig. 1 

brated against an electrolytic hydrogen generator, the quantity 
of hydrogen liberated being calculated from the current used. 
The nitrobenzene is introduced at A (after disconnecting the 
rubber tube) by means of a calibrated pipette. C consists 
of a glass tube, about 7 or 10 mm in diameter, sealed to a 
capillary tube T which is then bent as shown in the diagram. 
The capillary of a thermometer serves very well, especially if 
a thermometer with an unusually fine capillary is selected. 
This capillary is so fine that pressure is required to force the 
nitrobenzene through it at a fast enough rate. This pressure 
is secured by raising the mercury bulb shown at B, the differ- 
ence in the level of the mercury in the two bulbs, being a 
measure of the pressure on the nitrobenzene, and hence a 
measure of the rate of flow of the nitrobenzene. About 35 
minutes are required for 2 cc of nitrobenzene to flow through 
the capillary when the pressure is 3.5 to 14 cm of mercury, 
the exact pressure depending on the size of the capillary. 
The rate of flow of nitrobenzene is quite constant since the 
amount of pressure due to the nitrobenzene is only 0.08 to 
0.02 of that due to the mercury which is nearly constant. 
So that although the column of nitrobenzene decreases to 
nothing, the pressure remains nearly constant as it is practically 
all due to the mercury presstire which is changed but slightly. 
It was found that with a certain pressure of mercury the time 
required for 2 cc of nitrobenzene to flow through a capillary 
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was very nearly constant, varying 2 minutes from the mean 
only occasionally, while usually the time was the same within 
a minute. Sometimes a small particle of dirt would get into 
C and then the capillary would need to be cleaned. 

Heating* Element 

The heating element of the furnace was made in the following 
way. A 2 inch iron pipe, 29 inches long was first covered with 
a layer of asbestos paper which was cemented to the pipe with 
sodium silicate solution. This was then covered with a layer 
of alundum cement. About 30 or 35 feet of chromel wire, 
size IG B and S gauge, was then wound on top of this layer of 
alundum cement. In starting the winding the end of the wire 
is doubled for about 2 feet. This doubled end is brought 
around one end of the pipe and twisted tightly on the pipe, 
the end sticking out 6 to 10 inches for electrical connection. 
This first round of doubled -wire does not do any of the heating 
but holds the wire in place and the winding is continued 
with the main strand of the wrire, the rounds being about ®/4 
inch apart. When the other end of the pipe is reached the 
wire is again doubled for about 2 feet and instead of going 
around the pipe in the same direction as before, for the last 
round the wire is bent back and brought around the pipe 
in the opposite direction. The bending back of the wire for 
the last round forms a loop and after bringing the wire around 
the pipe it is brought through this loop, bent back and twisted 
tightly -with one side of the loop, the end again sticking out 
6 to 10 inches for electrical connection. After winding on 
the wire another layer of alundum cement is applied so that 
the wire is entirely embedded in alundum cement which keeps 
it from burning in two. Several layers of asbestos paper are 
then wrapped around the furnace for heat insulation. 

Catalyst Tube 

The tube containing the catalyst was a half inch wrought 
iron pipe 33 inches long and was held in the center of the 
heating jacket by the plugs of alundum cement E, E at each 
end. This provides an air space between the catalyst tube 
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and the heating element which leads to a more even tempera- 
ture of the catalyst tube and the catalyst and prevents any 
spot becoming overheated. The capillary T sticks into the 
fmnace 2 to 3 inches. When an experiment is carried out at 
a low temperatme it should extend farther into the furnace 
than when a higher temperature is used. If it extends too 
far into the furnace at the high temperature the nitrobenzene 
will char in the capillary and finally clog it. The capillary 
tube T and the hydrogen are led into the catalyst tube through 
a ^/4 inch iron pipe which extends about 8 inches into the fur- 
nace. The connection between the capillary tube and the 
quarter inch iron pipe at H is made air tight by a short piece 
of rubber tube as is shown in the figure. To keep this rubber 
tube cool a piece of cloth is tied around the quarter inch iron 
pipe at I, the ends of which dip into a beaker of water. Due 
to capillary action the cloth is kept wet and is a means of 
cooling the iron pipe around which it is wrapped. The quarter 
inch iron pipe (on the other end of the T) passes through the 
cap (which is screwed onto the catalyst tube) and is brazed 
to it at D, in order to make it hydrogen tight. The column 
of catalyst was 10 inches long and was placed in the tube 3 
inches from the end of the heating jacket. The catalyst was 
put at this place by means of a strip of tin which was bent 
in the form of a long narrow trough. Thus a definite amount 
of catalyst, prepared in a certain way, was placed in a certain 
part of the tube. This left a space in the tube about 12 inches 
long where the nitrobenzene and hydrogen became thoroughly 
mixed and heated to the temperature of the catalyst before 
reaching the catalyst. 

TemperatuFe Measurement 

The temperature was measured by a copper-constantan 
thermocouple, the voltage being read by a high resistance 
milli-voltmeter. The thermocouple was made by wrapping 
copper and constantan (advance) wire (gauge 16) separately 
with asbestos cord, after which they were wrapped together 
with the asbestos cord, and then the ends twisted and welded. 
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This was calibrated in position against tin, lead and zinc. 
The calibration curve is practically a straight line and does not 
change appreciably with use. The couple as made is flexible 
and may be bent. It is put in place through a hole drilled 
through the catalyst tube at G. In order to make the tube 
air tight at G it is necessary to put sodium silicate solution 
of 1.400 sp. gr. between the rounds of the asbestos cord and 
then a lute between the couple and the pipe. A lute consisting 
of 30 grams alundum cement, 15 grams ground pumice and 21 
cc of a solution of sodium silicate of 1 .200 sp. gr. was found to 
be very satisfactory by the writers. The lute must not be 
porous and at the same time it must not set so hard that it is 
difficult to break loose, since the thermocouple must be taken 
out every time a new catalyst is put in the furnace. As is 
shown in the diagram the thermocouple extends up the tube 
to the catalyst, so that the temperature measured is the tem- 
perature of the gaseous mixture as it leaves the column of 
catalyst. This temperature is quite different from that on 
the outside o^ the tube in the heating jacket. The tempera- 
ture inside the catalyst tube was in all experiments kept within 
3° of the desired temperature. 

The condenser fits on a cork over the catalyst tube. 
In putting the cork on the catalyst tube, it is best to use a 
sodium silicate solution as an adhesive between the cork and 
the pipe in order to make it air tight. 

Matepials Used 

The nitrobenzene used was purified by shaking it with 
sodium carbonate solution and then distilling it with steam. 
The distillate was dried with calcium chloride and then re- 
distilled twice. The hydrogen used was commercial hydrogen 
put up in steel cylinders. This was purified by passing over 
red hot scrap copper, through concentrated sulphuric acid 
and then, over stick caustic. 

Estimation of Aniline Produeed 

The product (which had not already run into the flask) 
was washed from the condenser into the flask, and, after 
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diluting to the mark, a 100 cc portion pipetted out, 25 cc 
concentrated HCl added, and titrated with tenth molar sodium 
nitrite, starch iodide paper being used as an external indicator. 
The reaction involved in the titration is a diazotization. 
This reaction is rapid at first but as the end point is approached 
it becomes slow. So that the end point is not reached until 
the solution will turn the starch iodide paper blue after stand- 
ing several minutes. Any other amine besides aniline will 
give the same reaction. However the amount of other amines 
was not large (except in a few instances) so that this error is 
not great. The nitrite solution was standardized by titrating 
with a permanganate solution which had been acidified with 
sulphuric acid and heated to about 60°. 

Method of Ppoeedure 

Before starting an experiment the furnace was heated 
to the proper temperature in a current of hydrogen (the cur- 
rent of hydrogen was continued during the entire time that 
the furnace was heating or cooling) . After securing the proper 
temperature and adjusting the flow of hydrogen, 2 cc of nitro- 
benzene was put into C from a calibrated pipette. The 
rubber tube was then put on C again and the mercury bulb 
raised to the desired height, the time being noted. During 
the experiment the temperature was kept within 3 degrees 
of the desired temperature. When the last of the nitroben- 
zene flowed through the capillary the time was again noted 
and from the time required for it to flow through the capillary 
the rate of flow in grams per hour was calculated. This 
latter only occasionally varied as much as 6 %. The pipette, 
under the conditions under which it was used, delivered 2.322 
grams of nitrobenzene. After the last of- the nitrobenzene 
had passed into the furnace the current of hydrogen was 
continued at least 20 minutes before disconnecting the con- 
denser from the catalyst tube. This allowed all of the products 
of the reaction to be washed out of the furnace into the con- 
denser. 
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PFeparation of Nickel Catalyst 

The nickel catalyst was prepared by igniting the nitrate 
and then reducing the oxide in hydrogen. The nickel nitrate 
used contained: 0.081 % Fe, 0.386 Co, 0.003% vSO^, 0.001 
% Cl and a trace of copper. The nitrate, with the addition 
of nitric acid, was ignited in a small porcelain evaporating 
dish in an electrically heated muffle. The temperature of 
ignition was measured by a copper-constantan thermocouple, 
the junction being in the dish just above the nickel oxide. 
The nickel oxide, after cooling, was powdered and put in the 
furnace as previously described. About 16 grams of the oxide 
were used each time. 

Experimental Results with Nickel 

Various investigators heretofore have paid but little 
attention to the temperature of ignition of the nitrate. Usually 
the temperature is reported as a “low red heat’’ or a “dull 
red temperature’’ which are rather indefinite and may admit 
of a variation of 100 degrees or even more. The effect of the 
temperature of ignition is given in Table I. The nickel oxide 
was not kept at the indicated temperature for any length of 
time but was merely heated to that temperature and then 
allowed to cool. 

Tabue I 

Temperature of catalyst — 192°. 

Rate of flovV of hydrogen- -17 liters per hour. 

Rate of flow of nitrobenzene— 3.9 grams per hour. 

Excess of hydrogen — •710%. 


Catalyst 

Temperature of ignition 
of nitrate C 

Material yield in 
of theory 

' A5 

3o3 

84 

AC) 

412 

87 

A9 

475 

87 

AS 

535 

1 ()8 


In each case in the above table the nickel oxide was re- 
duced and heated in hydrogen to 322° before use. It was 
then used until it gave concordant results. Four or five 
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experiments were required and the average of two or three 
is given in the table. 

From the table it will readily be seen that the temperature 
of ignition is very important and that ignition at a dull red 
temperature means very little. A difference of 60° in tem- 
perature of ignitions means a difference of 19% in material 
yield. With different experimenters not accustomed to judg- 
ing the temperature of a furnace from its color a dull red 
temperature may admit of a variation of 100°. In the first 
three of the above experiments the product was colorless, the 
material unaccounted for probably being reduced still further, 
for Sabatier has shown that nickel is an excellent catalyst 
for taking nitrobenzene to cyclohexane and ammonia or even 
to methane and ammonia. 

In studying the effect of heating the reduced nickel in 
hydrogen, 450° was chosen as the best temperature of ignition 
of the nitrate. Hydrogen was passed through the tube con- 
taining the nickel oxide as it was heated so that reduction 
did not take place at any particular temperature. 'I'he re- 
duced nickel however was always heated to a definite tem- 
perature in the stream of hydrogen before any experiments 
were made. It seems to the writers that the highest tempera- 
ture to which the catalyst was heated is the important factor 
and not the temperature at which the reduction actually took 
place. The effect of heating the nickel in hydrogen to various 
temperatmes is given in Table II. 

In these ten experiments, each time after heating to the 
indicated temperatme and cooling to the correct temperature 
experiments were made until constant results were obtained. 
The average of the constant results is given in the table. 
The catalyst was not kept at the indicated temperature for 
any length of time but was merely heated to that temperature 
and then allowed to cool. 

The results of Table II are plotted graphically in Curves 
A and B of Fig. 2. From the graph it is apparent that the 
activity of the catalyst is affected tremendously by the tem- 
perature to which it has been heated in hydrogen. Thus 
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TabIvE II 

Temperature of catalyst — 192°. 

Rate of flow of hydrogen — 17 liters per hour. 
Rate of flow of nitrobenzene — 3.7 grams per hour. 
Excess hydrogen — 750%. 


After heating catalyst in 
hydrogen to ° C 

Material yield in 
% of theory 

335 

69.0 

390 

84.0 

435 

90.8 

475 

90.9 

322* 

88.0 

352 

91.0 

383 

92.7 

444 

89.9 

475 

69.8 

535 

22.1 


after heating to 335° the yield ,|,|j 
is 69% while after heating to 
435° it is 90.8%. This in- 
crease in yield of aniline is 

on 

probably due to a decrease in 
the activity of the nickel cata- .jj 
lyst. For active nickel will 
reduce nitrobenzene to am- so 
monia and cyclohexane or 
even to methane which would 50 
mean a low yield of aniline. 

However if the activity of 
the nickel is decreased still 
further, the yield of aniline 
decreases instead of increasing. 

Thus after heating to 444° 
the yield is 90.0% while after 
heating to 535° the yield is only 22%. The very active 
nickel prepared by heating to a low temperature in hydrogen 

* Prior to this experiment the catalyst was oxidized by heating it in a 
current of air to 486®. It was then reduced again and the succeeding exper- 
iments made. 
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gives a low yield of aniline because it carries the reduction on 
farther than the aniline stage. Less active nickel prepared 
by heating to about 440° gives a high yield of aniline, while 
nickel still less active, prepared by heating to 535° gives a 
very low yield of aniline, the nitrobenzene being only partly 
reduced. 

The importance of the history of the catalyst will also be 
noted by comparing Curves A and B. The experiments 
represented by the two curves were carried out under the same 
conditions except that the catalyst had been oxidized after 
making the experiments shown in A and before making those 
shown in Curve B. Point d of Curve A is lower than point e 
of Curve B. The activity of the catalyst represented by point 
d was greater than that represented by point e, for in the 
experiment represented by d the low yield is due to the fact 
that the nickel carried the reduction farther than the aniline 
stage and is not due to incomplete reduction of the nitroben- 
zene. However the low yield of the experiment represented 
at / is due to incomplete reduction of the nitrobenzene and 
since / is lower than g, the activity of the catalyst in the ex- 
periment at g was greater than in the experiment represented 
by /. This would indicate that the oxidation and reduction 
of the nickel catalyst decreased its activity since the activity 
of the catalyst in the experiments represented by the Curve 
A is greater than in those represented by Curve B. 

In using Table II it must be remembered that all the ex- 
periments were carried out at the same temperature, the 
difference being that the nickel catalyst was heated in hydrogen 
to the indicated temperatures before use. The catalyst used 
was the same in all experiments. After heating to the in- 
dicated temperature it was cooled to 192° in each case, and 
the experiment carried out at this temperature. 

In the experiments of Table II results were constant al- 
most immediately except after heating to 475° and 535°. 
The experiments, after heating to these two temperatures, 
are given, in the order in which they were made in Table III. 
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Table III 

After heating nickel catalyst of Table II in hydrogen to 475®. 
AH conditions the same as in Table II. 




2 4 6 8 


Fig. 3 

A. After heating Ni to 476* 

B. After beating Ni to 635* 

C. After heating Cu to 635* 


The results of Table III 
are shown graphically in Fig. 
- 3. The abscissa gives the 
order in which the experi- 
. ments were carried out while 
the ordinate gives the per- 
centage yield. Experiments 
102A4 to 110A4 inclusive are 
plotted in Curve A and 111A4 
to 117A4 inclusive in Curve 
B. The activity of the cata- 
lyst as measured by the ma- 
terial yield of aniline produced 
decreased continuously with 
use and finally became con- 
stant giving a material yield 
of 69.8% aniline. It will be 
10 noted that experiments 106A4 
and 115A4 are higher than the 
preceding experiments would 
indicate. Both of these were 
the first experiments made in 


* T!ht first experiment after the catalyst had been idle overnight in an 
atmosphere of hydrogen. 


** Prior to experiment 111A4 the catalyst was heated in hydrogen to 536*. 
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the morning after the catalyst had been idle overnight in 
an atmosphere of hydrogen. Thus the catalyst seemed to re- 
cuperate when idle. Also experiment 110A4 gave a material 
yield of 69.8%, then after heating in hydrogen to 535°, experi- 
ment 111A4, the first experiment after heating to 535°, gave 
a material yield of 87.1%, which would indicate thatt he cata- 
lyst is activated by merely heating in hydrogen. One ompar- 
ing the curves of Fig. 3 it will be seen that the efficiency of 
the catalyst drops much more rapidly after heating to 535 ° than 
when heated to 475°. Also the slope of ab is practically the 
same as that of cd which would mean that the activity of thd 
catalyst decreased linearly. The same thing holds for Curve 
B. The experiment represented by point o was the first 
experiment in the morning. The same thing is indicated by 
the other curve, the experiment represented by the point e 
being the first experiment in the morning. 

After experiment 117A4 this same catalyst was oxidized 
by heating in a current of air to 465°. It was then reduced 
and heated in hydrogen to 260°. Experiments carried out 
under the same conditions as 117A4 then gave 90% material 
yields of aniline. This indicates that oxidation restored the 
activity of the catalyst. 

The catalyst used to determine the best temperature for 
carrying out the reduction with nickel as catalyst was pre- 
pared by ignition of the nitrate at 414°; this oxide was re- 
duced at 322°, used in a few experiments and then heated in 
hydrogen to 400°. The results of experiments at different 
temperatures are given in Table IV. 

It will be seen from Table IV that the best temperature 
for the reduction with nickel as catalyst is about 192°. 

This is the temperature at which the effect of the rate 
of flow of the hydrogen was studied. The catalyst used for 
this was prepared by igniting the nitrate at 475°, heating the 
nickel, after reduction, to 352°, using in a few experiments 
and then heating to 400°. The results are given in Table V. 

From the table it will be seen that one may pass too large 
a current of hydrogen as well as too little hydrogen. At 69 
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Table IV 


Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — 3.9 grams per hour. 
Excess of hydrogen — 710%. 


Temperature of 
catalyst, ° C 

Material yield 
in % of theory 

243 

87.0 

225 

91.9 

208 

94.9 

192 

95.2 

172 

94.3 

160 

88. 3 


Table V 

Temperature of catalyst — 192°. 

Rate of flow of nitrobenzene — ^3.8 grams per hour. 


Hydrogen per 
hour in liters 

Excess of 
hydrogen in % 

Material yield 
in % of theory 

8.5 

im 

87.6 

23 

1000 

94.3 

46 

2100 

95.8 

69 

3290 

91.4 

92 

4380 

85.1 


and 92 liters of hydrogen the product had a slight yellowish 
color while in all the other experiments the product was color- 
less. Thus at these rapid rates of hydrogen the time of con- 
tact of the nitrobenzene with the catalyst was evidently too 
short. At the lowest rate considerable of the nitrobenzene 
was probably reduced farther than aniline, for the product 
was practically colorless. 

A study of the effect of the rate of flow of nitrobenzene 
was then made. The same catalyst was used as in Table V. 
The results are given in Table VI. 

Table VI 


Temperature of catalyst — 192°. 

Rate of flow of hydrogen — 17 liters per hour. 


Nitrobenzene per 
hour in grams 

Excess of 
hydrogen in % 

Material yield 
in % of theory 

11.6 

170 

94.0 

5.34 

490 

94.8 

3.1 

900 1 

95.8 
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With the rate of flow of hydrogen constant the rate of the 
nitrobenzene has, within rather wide limits, but little effect. 
Of course increasing the rate of nitrobenzene a great amount 
would imdoubtedly cut down the yield. On the contrary 
with the rate of nitrobenzene constant the rate of flow of 
hydrogen had a big effect, as is shown by the results of Table 
V. This would indicate that the time of contact has an 
importance of the first order and that the percentage excess 
of hydrogen is of secondary importance. Also it would appear 
that the rate of flow of the gaseous mixture through the tube 
is more important than the percentage excess of hydrogen 
present. 

Preparation of Copper Catalyst 
The copper catalyst was prepared by igniting the nitrate 
and then reducing the oxide obtained in hydrogen. The cop- 
per nitrate used contained 0.001% Fe, 0.001% Cl and 0.001% 
SOs according to the maker. The nitrate, with the addi- 
tion of nitric acid, was ignited under the same conditions 
as the nickel catalyst. About 29 grams of the oxide were 
used each time. 

Experimental Results with Copper 

The effect of the temperature of ignition is given in Table 

VII. 

Table VII 

Temperature of catalyst — ^253®. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — 3.7 grams per hour. 

Excess of hydrogen — 750 %. 


Catalyst 

Temperature of ignition 
of nitrate, ® C 

Material yield 
in % of theory 

B5 

353 

95.8 

B9 

414 

97.6 

B8 

472 

90.7 

Bll 

535 

90.2 


In each case in the above table the copper oxide was 
reduced and heated in hydrogen to 314° before use. It was 
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then used until it gave constant results. The average of two 
or three experiments is given in the table. 

The results of Table VII are plotted in Fig. 4, Curve 
B. The graph indicates that the temperature of ignition is 
very important up to about 475° after which it does not have 
such a great effect, the catalyst ignited at 535° giving practi- 
cally the same result as that ignited at 475°. CurveAinFig. 
4 is plotted from Table I and shows the effect of the tempera- 
ture of ignition upon the ac- 
tmty of the nickel catalyst. 
A temperature of 475° caused 
a decrease in the aniline yield 
with the copper catalyst but 
not with the nickel catalyst. 
However, an ignition temper- 
atme of 535° caused a much 
larger decrease in yield of ani- 
line with nickel than with 
copper. The decrease in yield 
with nickel is about three 
times the decrease with copper 
which would indicate that the 
nickel was more easily killed 
•*00 500 tjy heating to a high tempera- 

^ ture than the copper. 

The effect of heating the copper catalyst in hydrogen is 
given in Table VIII. This catalyst was ignited at 420° 

Table VIII 

Temperature of catalyst — 253°. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — ^3.9 grams per hour. 

Excess of hydrogen 710%. 


After heating catalyst in 

Material yield 

hydrogen to ®C 

in % of theory 

253 

93.8 

407 

93.2 

475 

92.2 

535 

32.8 
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reduced at 250°, used in several experiments and then oxidized 
by heating in a current of air to 475°, after which it was re- 
duced and the experiments indicated in the table carried out. 

The results of Table VIII are plotted in Curve C of 
Fig. 2. The activity of the catalyst is not affected greatly until 
one gets above 475° when it is decreased tremendously. The 
difference between copper and nickel is again quite evident 
in this figure. The curve for copper does not have the first 
rise which the other two curves have, since the active copper 
does not attack the aromatic ring while the active nickel 
does. Also the activity of the copper is not killed so easily 
as that of the nickel. 

After repeatedly oxidizing and reducing the copper catalyst 
it gave 80% )delds of aniline again. The oxidation did not 
bring its activity back as high as it was before heating to 535° 
in hydrogen while in the case of nickel 90% yields were ob- 
tained after oxidizing and reducing once. This indicates 
that the activity of the nickel catalyst is more easily restored 
than that of the copper catalyst. 

After heating the nickel catalyst in hydrogen to 535° 
the first experiment gave a high yield but this decreased after 
a few experiments to 22%. With copper no high yields were 
secured and the drop in activity was almost immediate as 
is shown in Table IX. 


Table IX 

After heating copper catalyst of Table VIII in hydrogen to 535°. 
Conditions same as in Table VIII 


Experiment number 

Material yield in % of theory 

93B4 

51.2 

94B4 

33.4 

95B4 

32 3 


These results are plotted in Curve C of Fig, 3. The 
average of the last two results is the one that is given in Table 
VIII. 

When a new catalyst was reduced or when an old catalyst 
was oxidized and reduced it did not show its full activity 
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immediately but sometimes as many as five or six experiments 
were necessary to bring it up to its full activity. This fact 
is brought out by the data in Table X. The experiments 
recorded in Table X are representative of this unexpected 
behavior which was observed many times. The catalyst used 
in Table X was prepared by ignition of the nitrate at 414°. 
The oxide was then reduced and heated in hydrogen to 314°. 

Table X 

Temperature of catalyst — 253°. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — ^3.9 grams per hour. 

Excess of hydrogen — 710%. 


Kxperiment 

number 

Material yield 
in % of theory 

Experiment 

number 

Material yield 
in % of theory 

198B9 

78.8 

224B9 

94.0 

199B9 

93.0 

230B9** 

58.9 

200B9 

94.0 

231B9 

89.3 

201 B9 

97.7 

232B9 

89.0 

202B9 

97.4 

233B9 

96.2 

220B9* 

71.4 

23.5B9*** 

44.8 

221 B9 

84.3 

236B9 

52.3 

222B9 

84.9 

237B9 

53.6 

OO'tUQ 





The results of Table X are shown graphically in the four 
curves of Fig. 5. All four curves show a low first yield and 
a subsequent increase with use. If Curves C and B had been 
carried out one experiment farther it is probable that A, B 
and C would have reached about the same figure of 97%. 
Although Curve D may have reached this same figure, not 
enough experiments were carried out to prove that it would. 
In each of the four curves the second experiment is consider- 

• Prior to Experiment 220B9 the catalyst was oxidized by heating in a 
current of air to 414®, after which it was reduced and heated in hydrogen to 
314®. 

•* Prior to Experiment 230B9 the catalyst was oxidized by heating in a 
current of air to 414®, after which it was reduced and heated to 2.53®. 

•** Prior to Experiment 236B9 the catalyst was oxidized by heating in a 
current of air to 414®, after which it was reduced and kept in a current of hydrogen, 
at a temperature of 253® for 8 hours before use. 




178 0. W. Brown and C. 0. Henke 

ably higher than the first one, 
while the third is nearly the 
same as the second experi- 
ment, after which it again 
increases. Curves A and B 
show a higher yield in the 
first experiment than do 
Curves C and D. In the case 
of Curves A and B the catalyst 
was heated in hydrogen to 
314° before use while in C and 
D the maximum temperature 
was 253°. It was thought at 
first that probably the catalyst 
was not completely reduced in 
2 5 4 5 A, B and C and so in D the 

5 catalyst was heated in hydro- 

gen for 8 hours at 253 ° before making the first experiment, while 
the others had been heated in hydrogen only about an hour. 
However Curve D shows lower results than the other three 
which proves conclusively that the low first yield was not due 
to incomplete reduction of the catalyst. In fact the three 
experiments of Curve D indicate that a longer time is necessary 
for the catalyst to attain its full activity when reduced in 
hydrogen for a long period than when reduced for a short 
period. 

On the adsorption theory of contact catalysis one might 
explain this by assuming that in order for the copper to act 
as a catalyst it must adsorb both the nitrobenzene and the 
hydrogen. Now if the copper has been kept in hydrogen for 
a long time it has covered its entire surface with a layer of 
adsorbed hydrogen. Then when the nitrobenzene vapors 
pass over it they do not come in contact with the copper but 
with this adsorbed layer of hydrogen. Consequently the 
nitrobenzene is not adsorbed by the copper and a low yield 
of aniline results. But some of the adsorbed hydrogen re- 
duces some nitrobenzene and in these places little nuclei of 
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adsorbed nitrobenzene are formed which gradually increase 
and result in a gradual increase in yield of aniline produced. 

This increase in activity was not observed with nickel 
except occasionally and then the increase was only slight. 
Also it did not increase after the second experiment. On 
the contrary heating in hydrogen seemed to be beneficial to 
the nickel catalyst, as was brought out in the discussion under 
Table III. With nickel the first experiment in the morning 
after lying idle in an atmosphere of hydrogen overnight was 
higher than the previous or succeeding experiments would 
indicate. On the other hand with copper it was observed 
many ' times that the first experiment in the mo rnin g was 
lower than the previous or succeeding experiments would 
indicate, the second experiment under duplicate conditions 
being 2 to 4% higher than the first. 

When a copper catalyst is prepared under correct con- 
ditions it retains its activity for a long time. However if 
the nitrate is ignited at too low a temperature it loses its 
activity in a short time. This is shown in Table XI. The 
catalyst for these experiments was prepared by igniting the 
nitrate at 353° and reducing the oxide and heating to 314° 
in hydrogen. 

Table XI 

Temperature of catalyst — ^253°. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — ^3.7 grams per hour. 

Excess of hydrogen — ^750%. 


Experiment 

number 

Material yield 
in % of theory 

Experiment 

number 

Material yield 
in % of theory 

111B5 

95.0 

119B5 

86.5 

112B5 

96.0 

120B5 

88.1 

113B5 

95.7 

121B5 

84.0 

114B5 

89.0 

122B5 

66.2 

115B5 

89.3 

123B5 

70.3 

116B6* 

92.2 

124B5 

79.1 

117B5 

91.2 

125B5 

70.0 

118B5 

91.2 

— 

— 


• This experiment was carried out with a rate of flow of hydrogen of 6.7 
Uters per hour and hence is not comparable to the others. 
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The results of Table XI 
are plotted in Fig. 6. The 
full line shows the general 
tendency while the dotted 
line goes through all the 
points. Although the results 
are irregular they unmistak- 
ably point to a decrease in 
activity, which is evidently 
due to ignition at too low a 
temperature for other cata- 
lysts ignited at higher tem- 
peratures and used under the 
same conditions did not show 
this decrease in activity. The 
^ ^ ® irregularity of the results is 

® not experimental error but 

shows that the catalyst is on the border line between a good and 
a bad catalyst. Results are also irregular when using a copper 
catalyst that has been ignited at 475° or 535°; however, when 
using a copper catalyst that was ignited at 414°, reduced and 
heated in hydrogen to 314° and used at about 260° results 
are not irregular. 

Since the data in Table X show that a copper catalyst 
does not reach its full activity until it has been used in five 
or six experiments and since this catalyst decreases in activity 
continuously one is led to believe that if this catalyst had not 
decreased in activity the highest jdeld would have been more 
than 96%, probably near 100%. Then the point c of Curve 
B in Fig. 4 would have been higher than point d of the same 
curve. Then , this curve would show a continual decrease 
in activity with increase in temperature of reduction. 

The catalyst used to determine the best temperature for 
carrying out the reduction with copper as catalyst was pre- 
pared by ignition of the nitrate at 414°. The resulting oxide 
was reduced and heated in hydrogen to 314°, used in several 
experiments and oxidized and reduced twice at the same tern- 
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perature. The results of experiments at different temperatures 
are given in Table XII. 

The results of Table XII 
are plotted in Tig. 7, Curve 
B. It will be noted that the 
first three points fall on a 
straight line. Also between 
217° and 253° one degree 
difference in temperature 
means a difference in yi. 1 of 
2.1%. The extremely narrow 
temperature range within 
which the activity of the cata- 
lyst is at its best will also be 
noted, a range of only about 
30°. 

The results of Table IV 
with nickel as catalyst are 
plotted in Curve A of Fig. 7. 
The best temperature for 
nickel is much lower than for 
copper, being about 192° for 
nickel. The optimum tem- 
perature range for nickel is 
likewise very narrow. 

Sabatier' states that the 
250 ^00 reduction of nitrobenzene by 

^ hydrogen in the presence of 

finely divided copper starts at 230° and that the reaction is 
rapid and very regular between 300° and 400°. The differ- 
ence in the optimum temperature as found by us may be due 
to the f^t that we measured the temperature of the gaseous 
product as it came off the catalyst while Sabatier measured 
the temirerature with a mercury thermometer on the out- 
ride of the catalyst tube. 



* Local citation. 
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Tabus XII 


Rate of flow of hydrogen — 17 liters per hour. 
Rate of flow of nitrobenzene — ^3.9 grams per hour. 
Excess of hydrogen — 710%. 


Temperature of 
catalyst ® C 

Material yield 
in % of theory 

217 

22.1 

232 

49.5 

253 

97.6 

263 

97.8 

274 

97.1 

286 

97.4 

305 

96.8 

322 

94.0 


Also the best temperature for a copper catalyst ignited 
and reduced at one temperature may not be the best tempera- 
ture for one ignited and reduced at a different temperature. 
However this point has not been determined. 

When this work was first started a temperature between 
300° and 400°, as recommended by Sabatier, was chosen. 
The results are given in Table XIII. The catalyst was pre- 

Tablb XIII 


Temperature of catalyst — 377°. 


Experiment 
number ’ 

Hydrogen in 
liters per hour 

Nitrobenzene in 
grams per hour 

Excess of 
hydrogen in % 

Material yield 
in % of theory 

13B2 

20 

4.1 

800 

90.6 

14B2* 

20 

4.1 

800 

90.6 

19B2* 

20 

4.1 

800 

63.5 

24B2 

20 

4.1 

800 

27.3 

29B2** 

17 

3.3 

840 

85.5 

33B2 

17 

3.3 

840 

83.9 

38B2 

17 

3.3 

840 

74.1 

39B2 

17 

3.3 

840 

72.7 

40B2 

17 

3.3 

840 

68.0 

42B2 

17 

3.3 

840 

63.3 

43B2 

17 

3 3 

840 

56.2 


* The experiments not listed were made under different conditions and so 
are not comparable with those listed in the table. 

** Prior to Experiment 29B2 the catalyst was oxidized at 475^ and reduced 
and heated in hydrogen to 400'’. 
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pared by ignition of the nitrate at 550° =^25° and reduction 
of the oxide at 440°. 

The results of Table XIII 
are plotted in Fig. 8. As 
abscissa are plotted the experi- 
ments in the order in which 
they were carried out. Curve 
A represents experiments 
13B2 to 24B2, inclusive, while 
Curve B represents experi- 
ments 29B2 to 43B2, inclusive. 
The results indicate that the 
activity of the catalyst de- 
creases with use if used at too 
high a temperature, 377° 
being then too high a tem- 
perature. In the first experi- 
^ fl 12 16 ment the products condensed 

^ nicely in the condenser, but 

after a few experiments white fumes (very difficult to 
condense) appeared which increased in amount with each 
succeeding experiment and the yield in aniline decreased. 
With a slower rate of flow of the nitrobenzene the decrease 
in activity is not so rapid as with a higher rate as is shown 
by the fact that Curve B does not drop so rapidly as Curve A. 
Likewise the activity of a catalyst used at 286° decreased from 
96 to 76% in 26 experiments which indicated that 286° was 
also slightly too high. At 253° the catalyst showed no ap- 
preciable decrease in activity. Probably about 260° is the 
best temperature for carrying out the reduction with copper 
as catalyst. 

The effect of the rates of flow of hydrogen and nitroben- 
zene upon the yield of aniline was also studied. The results 
are given m Table XIV. The catalyst used in these experi- 
ments was prepared by igniting the nitrate at 414° and re- 
ducing the oxide at 314°. This was used in a few experiments 
and was oxidized and reduced twice at the same tempera- 
ture before being used in the experiments given in the table. 
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TABI.E XIV 

Temperature of catalyst — ^286®. 


Experiment Hydrogen in Nitrobenzene in Excess of Material yield 


number liters per hour grams per hour hydrogen in % in % of theory 
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The results of Table XIV are plotted in Figs. 9 and 10. 
In Fig. 9 the yield of aniline is plotted against the rate of 
flow of hydrogen expressed in liters per hour. The Curves 
A, B and C for the three different rates of flow of nitroben- 
zene are very similar. With each increase in rate of nitro- 
benzene the percentage yield of aniline increases. Curve 
D is drawn from the data of Table V with nickel as catalyst. 
A large excess of hydrogen does not decrease the yield with 
nickel as much as with copper. This illustrates the greater 
activity of the nickel catalyst as the time of contact of the 
nitrobenzene with the catalyst does not need to be so long with 
nickel as with copper. 

In Fig. 10 the yield of aniline in percent is plotted against 
the rate of flow of nitrobenzene expressed in grams per 
hour. The Curves A, B, C and U are all similar, the per- 
centage yield of aniline being higher the lower the rate of 
the nitrobenzene. Curve E is drawn from the data of Table 
VI with nickel as catalyst. This is vastly different from the 
other curves the yield dropping less than 2% when the rate 
is increased from 3.1 to 11.6 grams per hour, while with copper 
the yield drops from 95.8 to 70%, a decrease of nearly 26% 
when the rate of nitrobenzene is increased from 4 to 7.3 grams 
per hour. Hence the nickel can be used at a much greater 
rate than the copper. There was also a great difference in 
the physical appearance of the two catalysts after having 
been used. The nickel catalyst after use was a loose, non- 
coherent mass of black nickel, while the used copper catalyst 
was a compact red mass which was coherent. It could be 
shaken out of the furnace as a stick and was strong enough to 
be held in a horizontal position by holding one end. The 
older the copper catalyst the more firmly it was packed to- 
gether. If by some means the copper catalyst could be kept 
from becoming packed, it might act at as fast a rate as the 
nickel. 

The effects of length of time of heating in hydrogen has 
not been thoroughly studied although it appears that with 
copper merely keeping at an elevated temperature in hydrogen 
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decreases its activity, while with nickel the reverse is true. 
This was brought out in the discussion under Tables III, 
IX and X. The results of Table X do not show any decided 
effects of repeated oxidation and reduction of the copper 
catalyst. 

After using many other catalysts (the results of which 
will be given in a paper in a later number of this journal) 
it was suspected that the iron tube might have some catalytic 
effect upon the reduction of the nitrobenzene. A new iron 
tube just like the previous ones was put in the furnace. This 
had been cleaned with nitric acid (1:1). After cleaning with 
the nitric acid it had been washed well with water in order 
to remove any nitrate that may have been formed by the action 
of the nitric acid upon the iron pipe. Before use the new tube 
was heated in a current of hydrogen at 395" for one hour. 
It was then used in several experiments the results of which 
are given in Table XV. 

Table XV 


Rate of flow of hydrogen— 17 liters per hour. 
Rate of flow of nitrobenzene — ^3.9 grams per hour. 
Excess of hydrogen — 710%. 


Experiment 

number 

Temperature ° C 

Material yield 
in % of theory 

12HO 

305 

57.3 

13HO 

268 

23.8 

MHO 

230 

10.7 

MHO 

305 

32.0 


From the data of the table it is evident that the iron tube 
has considerable activity, although it decreases rapidly with 
use. Thus in the first experiment the yield of aniline was 
57.3% while in the fourth experiment, which was carried out 
under the same conditions, the yield of aniline was 32.0%. 

The next experiment was with an iron tube that had not 
been cleaned with nitric acid, but was put in the furnace just 
as received without making any attempt to remove any dirt 
or grease. This was heated in a current of hydrogen to 410", 
then allowed to cool to 300° and an experiment carried out 
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under the same conditions as the first experiment of Table XV. 
The first experiment gave a yield of 28.2 % aniline, as compared 
to a yield of 57.3% when cleaned with nitric acid. 

Three tubes lettered L, M and N were then tried to 
see whether they would give similar results. In each case a 
new uncleaned tube was used. This was heated in a current 
of hydrogen to 565° before use. The results are given in 
Table XVI, several experiments being carried out with each 
tube, which are listed in the order in which they were made. 

Table XVI 


Rate of flow of hydrogen — 17 liters per hour. 
Rate of flow of nitrobenzene — ^3.9 grams per hour. 
Excess of hydrogen — 710%. 


Experiment 

number 

Temperature of 
catalyst ® C 

Material yield 
in % of theory 

lb 

322 

26.9 

2L 

322 

33.2 

3L 

322 

31.3 

4b 

305 

14.7 

5b 

305 

12.2 

IM 

335 

41.4 

2M 

335 

25.7 

3M 

335 

17.5 

4M 

320 

13.5 

IN 

305 

20.4 

2N 

305 

19.4 

3N 

305 

14.7 

4N* 

305 

18.2 

5N 

305 

15.0 


The results do not show exactly the same behavior with 
each tube, which is as one would expect. However it will 
be noted that with use the yields at 300° approach a value 
of from 12 to 16%. The yield is highest at first and decreases 
with use. Experiment IL however is lower than the suc- 
ceeding one, which we are unable to explain, except that it 
be an error. 

* This was the first experiment after the catalyst had been idle for about 
two hours and indicates that the catalyst (iron pipe) recuperates when idle in an 
atmosphere of hydrogen. 
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SummaFy of Results 

1. A suitable apparatus for the systematic study of 
catalysis in the vapor phase has been described. 

2. The most favorable temperature of ignition of nickel 
nitrate for the reduction of nitrobenzene to aniline has been 
found to be about 450°. 

3. It has been shown that merely heating the reduced 
nickel in hydrogen suffices to decrease the activity of the 
nickel. The most favorable temperature for heating in 
hydrogen was found to be about 380° since a lower tempera- 
ture produced a more active nickel which carries the reduction 
too far. 

4. After heating the reduced nickel catalyst in hydrogen 
to a high temperature, it did not lose its activity immediately, 
but lost it with use, its activity decreasing almost linearly. 

5. The best temperature for carrying out the reduction 
with nickel as catalyst was found to be about 192°. 

6. From a study of the rates of flow of hydrogen and 
nitrobenzene it appears that the rate of flow of the gaseous 
mixture through the tube is of more importance than the 
percentage excess of hydrogen present. 

7. The best temperature for the ignition of copper ni- 
trate for the reduction of nitrobenzene to aniline was found 
to be about 415°. At lower temperatures the copper loses 
its activity with use and does not give as high yields as when 
ignited at about 415°. 

8. Heating the copper catalyst in hydrogen reduced its 
activity but little until it was heated above 475°, its activity 
being 60% lower (as measured by aniline yield) when heated 
to 535° than when heated to 475°. 

9. The copper catalyst lost its activity almost imme- 
diately, when heated to a high temperature (535°) in hydrogen, 
while the nickel catalyst lost its activity with use. 

10. A new copper catalyst or one that has been oxidized 
and reduced gains in activity with use for four to six experi- 
ments before it gives constant results. Long reduction in 
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hydrogen increases the length of time required for it to attain 
its maximum activity. 

11. The best temperature for carrying out the reduction 
of nitrobenzene with copper as catalyst was found to be about 
260°. It was pointed out that probably the best temperature 
for copper when prepared in one way would not be the best 
temperature for copper when prepared in another way. 

12. The activity of a copper catalyst decreases when 
used at too high a temperature (377°). The decrease is more 
rapid with a more rapid rate of flow of nitrobenzene. 

13. A study of the rates of flow of hydrogen and nitro- 
benzene showed: (1) with a constant rate of flow of hydrogen 
the lower the rate of flow of nitrobenzene the greater the yield 
of aniline; (2) with a constant rate of flow of nitrobenzene, 
an increase in the rate of flow of hydrogen first increases the 
yield of aniline and then decrea.ses it, the increase and decrease 
being much more marked with copper than with nickel; 
(3) it seems that the time of contact of the gaseous mixture 
with the catalyst is of more importance than the percentage 
excess of hydrogen present. 

14. It has been shown that the activity of an ordinary 
wrought iron pipe is considerable. Its activity decreases with 
use. Its activity is greater when cleaned with nitric acid 
before being put in the furnace than when put in the furnace 
and used without being cleaned with nitric acid. 

15. The activity of nickel and copper catalysts, for re- 
ducing nitrobenzene to aniline, is restored by oxidation and 
reduction although not to so great an extent with copper as 
with nickel. 

Conclusions 

Although a higher material yield of aniline can be ob- 
tained with copper as catalyst than with nickel as catalyst, 
yet the writers are of the opinion that nickel would be better 
and cheaper in commercial practice than copper because it 
can be used at a much greater rate. The best temperature 
for igniting the nickel nitrate is about 450°, the best tempera- 
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ture to which to heat the nickel in hydrogen after reduction 
is about 380° and the best temperature for canying out the 
reduction is about 190°. 

Laboratory of Physical Chemistry 
Indiana University 
Bloomington 
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A Manual of Flotation Processes. By Arthur F Taggart, 23 X 15 
cm: pp. XV -f 181. New York and London: John Wiley and Sons, jq2I, Price: 
$3.00. — In the preface the autlior says: “Flotation concentration includes within 
its scope almost as many processes as all other methods of ore concentration 
combined, the only elements common to all the processes being selection, or 
concentration, and vseparation of the concentrate from the tailing by flotation 
of the former. 

‘‘Widespread understanding of the physical princij^les underlying flota- 
tion phenomena and of the diversity of flotation processes has been delayed for 
divers reasons. The apparent complexity of the phenomena and the difficulties 
of investigation are sufficient to explain some of the delay, but much of it is charge- 
able to the stand of patent-owning corporations in their attempt to establish a 
monopoly on flotation processes. These companies have steadfastly opposed 
dissemination of knowledge of the art by their employees and licensees, not- 
withstanding the moral and legal duty of a patentee to make full and truthful 
disclosure of all he knows concerning the subject matter of his patent ; by threats 
of litigation sown broadcast they have succeeded in causing a veil of secrecy to 
surround the operations of non-licensees; and by their unfounded claims that all 
flotation processes prior to that descril)ed in U. S. Patent 835,120 were laboratory 
curiosities or commercial failures, and that those .subsequently discovered were 
merely improvements of that process, they have caused the spread of wrong 
ideas on the part of many of those interested.’^ 

The subject is treated in four chapters: introduction; testing laboratory 
equipment; testing; mill data. Of these the first is the one which will appeal 
most to those interested in the tlieoretical side of the subject. The author starts 
off, p. 1, with the statement that “minerals that float have a metallic, adamantine, 
or resinous luster. Minerals with vitreous, pearly, or earthy luster do not float, 
as the term is at present used, in the art of concentration,” In a sense this may 
be true empirically, but it ignores the radical distinction between calcium car- 
bonate and calcium sulphate, for instance, and seems like an unnecessarily un- 
fortunate way of wording things. 

The distinction between pulp-body concentration f)rocesses and bubble- 
column concentration processes, pp. 3, 6, 7, 8, has never been brought out so 
clearly before. “Froth flotation comprises two entirely different types of proc- 
esses which resemble each other only in the fact that in both the concentrate 
is removed in the form of a froth composed of gas, liquid, and solid matter, 
preponderantly sulphide mineral. The processes differ fundamentally both in 
the place in which concentration is done and in the mechanism of the selection 
of sulphide from gangue. On the basis of tlie first difference the processes may 
be classified as pulp-body concentration processes and bubble-column concentra- 
tion processes. 

“Pulp-body-concentradon processes may be subdivided, on the basis of 
the method of introducing the bubble-making gas, into four types: (1) chemical- 
generation; (2) pressure-reduction; (3) boiling; and (4) agitation. All four types 
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depend upon the fact that in a pulp, the liquid part of which is saturated with 
a gas, preferential precipitation of the gas on the sulphide particles can be brought 
about by so changing the conditions of temperature and pressure that the liquid 
is, under the changed conditions, supersaturated. This preferential precipita- 
tion of gas from the supersaturated liquid is enhanced, if the sulphide particles 
are coated with an oily substance, and the presence of such a substance also 
makes greater the force of adherence between the precipitated bubbles and sul- 
phide particles. A,s a result of this preferential precipitation of gas on sulphide 
particles in the pulp, and its adhesion thereto, there are formed in the body of the 
pulp agglomerates consisting of one or more gas bubbles with sulphide particles 
firmly cemented to them. These agglomerates later rise to the surface in the 
form of a froth which is separated as concentrate. Observation of any of the 
pulp-body-concentration processes shows clearly this phenomenon of rising 
agglomerates whose color indicates distinctly that concentration has been com- 
pleted at the surfaces of the bubbles composing them below the surface of the pulp, 
that is, within the pulp body 

**The agitation -froth process depends upon local supersaturation of the water 
of a pulp with air by the mechanical action of a swiftly revolving beater and the 
simultaneous precipitation of air in the form of bubbles, preferentially on the 
surface of the particles of metaliferous mineral, to effect the same result effected 
in the previously mentioned processes of the pulp-body-concentration type. 

The excess bubbles which never go through the solution stage, in this as in the other 
pulp-body-concentration proces.ses, in part coalesce with the bubbles already 
formed on sulphide surfaces; in part pass with the pulp into the froth-separating 
chamber and there, rising, add buoyancy to the froth and serve to pick up particles 
dropped by the bursting of other bubbles; in large part, however, they lise to the 
surface of the pulp in the agitating compartment and are lost to the process. 

“The froths produced in pulp-body-concentration processes are small- 
bubble, coherent and persistent, and characteristic. The volume of gas effectively 
utilized in floating the mineral is of the order of 20 to 60 cu. ft of solid floated. 

'Tn the bubble-column process substantially all of the concentration is 
done in a column of bubbles above and floating on the surface of the body of 
pulp. In this process the volume of gas effectively used to produce concentration 
is enormously greater than in pulp-body concentration, being of the order of 
1000 to 2000 cu. ft. of solid floated. The result is that the froth is fragile and 
evanescent and strikingly different from that characteristic of the other class of 
processes. Further investigation of the process, by observation of the operation 
in glass-sided machines, makes apparent the following facts: (1) The bubbles 
are much larger than in pulp-body processes; (2) they are more numerous; (3) 
they rise through the pulp more rapidly; (4) they arrive at the surface of the pulp 
with a solid load composed of sulphide and gangue in the same proportions that 
these exist in the pulp through which they have passed; (5) concentration begins 
at the bottom of the bubble column (i. e., the surface of the pulp body) and 
progresses upward. The actual mechanism of the concentration itself can be 
observed by studying the bubble column with a hand glass. Such study shows 
that in the bubble walls there is a differential draining of the gangue and sulphide 
particles; that the average downward velocity of the sulphide particles is less 
than the average upward velocity of the bubbles; that the average downward 
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velocity of the gangue is greater than the average upward velocity of the bubbles; 
and that, as a result, the sulphides are lifted up and away from the gangue. 
It is apparent, also, from such study, that the sulphide particles in the bubble 
column are nowhere firmly adherent to bubbles, as they are in the pulp-body 
processes 

"Pneumatic bubble-column machines are typified by the Callow cell. 
In this device air is introduced into the pulp through a porous medium. Canvas, 
cotton twill, blanket, carborundum, concrete and other porous substances are 
used as media for the distribution of the entering air. In pneumatic machines 
the pulp is relatively quiescent, the bubbles are larger than in agitation-type 
machines and hence rise rapidly. No pressure is exerted to force them into solu- 
tion nor is there any local release of pressure to cause air already in solution 
to precipitate. The result is that no selection of sulphide particles takes place 
beneath the pulp surface. The bubbles rushing upward through the pulp me- 
chanically push a certain amount of pulp above them as they emerge, with the 
result that the walls of the emerged' bubble contain a solid load of the same 
composition as that in the body of the pulp. At the pulp surface the speed of 
the rise of the bubble abruptly lessens and the solid particles which now form a 
part of the bubble film begin to drain away rapidly. At the same time the bubble 
is lifted by the bubbles which follow it to the pulp surface. The solid particles 
drain away at different rates, the gangue particles much the more rapidly, so that, 
if the air supply and consequent rate of rise of bubbles is properly adjusted, the 
average downward velocity of the gangue will be greater than the average upward 
velocity of the bubble, and it will largely settle back into the pulp, while the 
average downward velocity of the sulphide will be less than that of the bubble, 
with the result that the sulphide will be carried up and away from the gangue 
and may be separated as concentrate." 

Froth flotation, properly practiced, will recover from ()0 to well over 
95 percent of the sulphide mineral content of an ore in the form of a concentrate 
containing from ten to forty percent gangue. The author states, p. 13, that 
"In the agitation-froth process, the recoverable mineral content of an ore, the 
amount of a given oil necessary, the percentage of solids in the pulp treated, the 
grade of concentrate and the recovery attained are strictly dependent variables. 
This interdependence may be stated as follows : 

1. In order to recover a given percentage of the iccoverable mineral in 
an ore in the form of a concentrate of a given grade, if the percentage of solids 
is fixed, the amount of a given oil necessary is in direct proportion to the amount 
of recoverable mineral in the feed. 

2. In order to recover a given percentage of the recoverable mineral in 
an ore in the form of a concentrate of a given grade, if the grade of the feed is 
kept constant, the amount of a given oil necessary is in almost direct proportion 
to the percentage of moisture in the pulp. 

"These relations have been proven conclusively for the agitation-froth 
proce.ss and should, therefore, hold for the other pulp-body-concentration proc- 
esses. Some similar relation is indicated for bubble-column process, but the 
writer is aware of no exhaustive and conclusive work in this direction, and the 
dissimilarity in the mechanism of the two types of processes forbids reasoning 
across from the one to the other. 



194 


New Books 


*'The size of the particles in a flotation pulp affects the percentage of 
solids and the amount of oil necessary. It is not unlikely, also, that it has some 
effect on the necessity for other agents. If the solids are coarse it is necessary 
to run with a thick pulp in order to attain a good recovery. A thick pulp, in 
general, revsults in a low-grade concentrate. Hence a coarse feed is lik^y to mean 
a low-grade concentrate. More oil is, in general, necessary, if the feed is coarse. 
This is probably due to the fact that, owing to the lesser covering power of the 
coarse material, more of the stabilization of the froth must be done by the oil. 
The necessity for flocculation of very fine material is not present in the case of 
coarse feed. Hence the necessity of an electrolyte to produce such flocculation 
is lacking and the conclusion follows that a coansely ground pulp from a given 
ore is less likely to require the use of acid or alkali than a finely ground pulp from 
the same ore 

“The purpose of the oil in froth-flotation is: (1) to form, together with 
water and solid of the pulp and the gas introduced into the pulp, a froth; and (2), 
to aid in the selection of the particles of mineral of metallic, resinous or adaman- 
tine luster in the pulp from the gangue minerals. Not all oils will perform both 
of these functions with all ores in all processes. Newly refined paraffin hydro- 
carbons, if pure, will not froth to a sufficient extent to make them efficient flota- 
tion agents in the agitation-froth or pneumatic processes. Certain other sub- 
stances, although possessing the property of froth formation in these processes, 
exclude practically all solid matter from the froth. Saponin is such a substance. 
Certain other agents, such as soap, cause the formation of a froth containing 
solid matter, but this froth results in no useful concentration. Finally, a con- 
siderable number of oil substances such as essential oils and coal-tars and wood* 
tars and their fractions and derivatives cause not only copious frothing but, 
with certain ores, efficient selection of metalliferous mineral from gangue. With 
other ores the selection is nil or wholly inefficient. It may be put down as an 
axiom of the art that no one substance is universally applicable as an 'oil’ in 
froth-flotation concentration of all ores.” 

“Mobile and highly soluble oils can be employed in smaller quantity, 
all other conditions being equal, than viscous and relatively insoluble oil. This 
follows naturally from the preceding discussion. Mobile and highly soluble oils 
are easily disper.sed in an extremely high state of subdivision, while viscous and 
slightly soluble oils are dispersed more slowly and to no such high degree. In 
pulp-body concentration the function of the oil is to coat the mineral particles. 
In bubble-column processes it is essential that the rising bubbles become oiled. 
An extremely thin film is all that is necessary. But in order to insure that the 
sulphide particles in the one case and the air bubbles in the other shall come into 
contact with oil, a certain minimum spatial distribution of the oil in the pulp is 
necessary. In order to insure this minimum spatial distribution with a viscous 
and relatively insoluble oil, necessarily in relatively large masses as compared 
with the particles of a mobile and highly soluble oil, a greater amount of the 
former must be used. Owing to the greater size of the masses of the viscous 
and insoluble oil the films on the partides and the bubbles will exceed the effective 
minimum, and fitrther the amount of excess oil which does no coating but which is 
necessarily present in order to accomplish the required spatial relation will, in this 
case, exceed in bulk that unused in the case of the mobile or highly soluble agent. 
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"Above a certain minimum quantity, all other conditions being constant, 
the amount of oil necessary in the agitation-froth process varies directly with the 
amount of recoverable mineral in the ore. This is easily proven experimentally 
and can be predicted from theoretical considerations as follows : The maximum 
surface that can be covered by a given quantity of a given oily substance is 
measured by the area of the him, one molecule thick, which can be obtained from 
the given amount of agent. In any successful agitation-froth flotation operation it 
is essential that all of the sulphide mineral particles be coated to at least this ex- 
tent. This coating cannot be accomplished without the presence of an excess of the 
agent in the pulp. Hence the minimum quantity of agent necessary is some 
probably fixed excess over that required to coat the sulphide particles with a 
layer one molecule deep, which excess depends upon the degree and duration of 
agitation, the kind of agent, and the thickness of the pulp. Any increase in the 
amount of metallic mineral in the pulp means an increase in the area to be covered 
by the oil and hence an increase in the amount of oil that must be provided. 

"Above a certain minimum quantity, all other things being constant, 
the amount of oil necessary in the agitation froth process to make a given recovery 
from a given ore with a given grade of concentrate varies directly with the per- 
centage of moisture in the pulp, within the efficient working range of moisture 
percentages which is from, say, 65 to 70 percent to 90 or 95 percent. This is 
confirmed by experimental data and follows logically from a theoretical analysis. 
As has been previously stated, a certain minimum spatial distribution of the 
particles of oil in the pulp is necessary in order that the metalliferous mineral 
particles may be coated during the time that the pulp is under treatment. If 
the volume of pulp carrying a given amount of solid matter is increased, then the 
number of particles of oil necessary to produce the minimum spatial distribution 
of the same throughout the total volume of pulp will likewise be increased. 

"The following relations between quantity of oil and size to which the ore 
is ground are experimentally proven : (1 ) If a pulp containing solid matter ground 
to a given degree of fineness is being concentrated by flotation with a given 
minimum quantity of a given agent the same metallurgical results can 
be obtained with a smaller quantity of agents, if the solids are more finely 
ground. Conversely more oil must be used, if the grinding is so changed that 
the product to be floated is coarser. The explanation of this observed phenom- 
enon is, probably, that a certain degree of stability is essential in the froth and 
that this stability may be. provided by either oil or solid matter. If the covering 
and hence stabilizing power of the solid is increased by finer subdivision, the oil 
is relieved of part of its duty and less of it, therefore, is necessary. Vice versa, 
if the covering and stabilizing power of the solid is dccrea.sed, as by coarser grind- 
ing, more burden is placed on the oil and it must be increased in quantity.” 

"The r61e of the minor agents is to increase the grade of concentrate, 
i. e., aid in selection, and to a lesser extent, aid recovery. Various theories have 
been advanced to explain their action. In general they are electrolytes, and 
ingenious hypotheses have been based on assumed accentuation, due to their 
ions, in the difference in magnitude of the electrical charges said to exist at the 
surfaces of the solid particles in the pulps. Excluding for the present the cases 
in which the minor agent reacts chemically with the principal agent or oil, it is 
a commonly observed experimental fact that successful use of a minor agent is 
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accompanied by increased flocculation of the flotation pulp, particularly of the 
flotation tailing. It is furthermore usually true that the tailing from an un- 
successful flotation operation is slow-settling, indicating a lack of flocculation. 
Hence we may set down as an empirical rule that a suitable minor agent will 
be one that flocculates the pulp. 

^ ‘^Concentrate handling consists in breaking down froth concentrate, 

thickening the same by settling, and filtering the thickened product. Sampling 
and transporting from thickener to smelter also offer problems, but these are not 
part of the subject matter under present discussion. A few general principles 
are all that can be set forth to aid the experimenter. 

“Froth may be broken down by impact or by the force of surface tension 
or both. Unfortunately the same forces also tend to make froth. Hence it is 
essential that they be utilized in a different way or to a different extent when the 
end in view is froth destruction. If a small amount of froth is placed on a body 
of fresh water or water but slightly contaminated with a frothing agent, the ten- 
sion of the water surface will pull the froth mass apart into individual bubbles 
and will then so extend most of the individual bubbles, especially the larger 
ones, that the films will rupture and the solid load will sink. The bubble 
film may also be ruptured by piercing or puncturing. In practice this is ac- 
complished by directing a spray of water upon the froth. A froth is a system 
in more or less unstable dynamic equilibrium under the forces of gravity, surface 
tension and viscosity. Anything that tends suddenly to upset the equilibrium 
of the system will tend to break down the froth. A sudden change in surface 
tension can be brought about by spraying with a substance or solution whose 
surface tension is different from that of the bubble films. 

“The three phenomena outlined in the last paragraph are all utilized in 
froth breaking. General practice in the mills is to run the froth concentrate 
through launders to Dorr tanks fitted with a peripheral curb to prevent froth 
overflow, and to spray the surface of the tanks, particularly near the center, 
usually with fresh water, in order to puncture the bubble films. Occasionally 
the water UvSed is contaminated with a substance which markedly lowers the 
surface tension. This upsets the equilibrium of the forces acting in the bubble 
films, in addition to the puncturing effect. This latter procedure is nece.ssary 
only in the case of obstinately persistent froths. 

“Froths carrying a high percentage of solids are more persistent than 
those with a low percentage and more elaborate froth breaking equipment is 
^necessary for their treatment. Such froths result from ores carrying a high 
percentage of mineral or high percentages of kaolinized matter. They result 
also from agitation methods of froth formation as differentiated from pneumatic 
methods. 

“Certain flotation agents, notably petroleum products and wood-tar 
oils, produce persistent froths. Also the froths produced with more than one 
percent of oil on the ore are harder to break down than those produced with 
small quantities.” 

It is evident that when air comes out of a supersaturated solution it will 
come out most readily at those points from which air is displaced least readily 
by water. It is not so clear why it is difficult to make an actual bubble attach 
itself to the sulphide particles. One must assume that, for some unspecified 
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reason, the bubble docs not come in actual contact with the sulphide particles. 
Since the author is writing a manual of flotation processes rather than a theoreti- 
cal treatment, he does not go into this point and he also docs not discuss the 
effect of copper on zinc ores in Tennessee. While one regrets that thCvSe points 
could not have been included, it is a pleasure to bear witness that the author 
has written an admirable book, and one that is entirely free from the air of 
mystery which pervades most articles and books on the subject of ore flotation. 
It is not an exaggeration to say that this is the only book on flotation which is 
really worth reading. 

Wilder D Bancroft 

Lehrbuch der Metallographie. By Gustav Tammann. Second revised 
edition 2$ X i6 cm: pp. xviii -}- 402. Leipzig: Leopold jq2I. Price: 

Paper, q 8 marks, bound no marks. — As the author states in the preface, the book 
is based entirely on the phase rule classification. He takes up, in order, one- 
component, two-component, and threc-component systems. Under one-com- 
ponent systems we get a discussion of rate of crystallization, of the simpler changes 
of state, and of the effect of mechanical treatment Under two-component sys- 
tems, we get the structure diagram proper, and the methods of thermal analysis 
and of microscopic analysis. Two chapters are given to the physical and chemi- 
cal properties of l)inary alloys. After a discussion of crystallization in three- 
component systems, there are a few pages given to the general subject of the 
phase rule. 

On p. 46 the author quotes the work of Sieverts on the increase of solu- 
l)ility of hydrogen in copper, nickel, and iron with rising temperature; but neither 
offers any explanation of it nor calls attention to the unexpectedness of the 
phenomenon. On the next page he discus.ses temper colors as due to thin films 
without reference to Mallock's work in which it seemed to be shown that the 
colors are not due to thin films. On p. 58 he comes out strongly against Beilby's 
amorphous layer theory; but in what seems to the reviewer a half-hearted way. 
The importance of carrying the war into Africa does not seem to have occurred 
to him. While Tammann is probably right and Beilby wrong, nobody would 
guess it from reading the literature on the subject One must congratulate 
Beilby and his supporters on the extraordinarily good showing they have made 
with practically no facts to support them 

The same rather unfortunate way of wording things appears on p. 62 
where the author says that a metal will be plastic when the force necessary to 
break it is large relatively to the forces necessary to cause slipping. This is 
true but it is a re-statement of the fact of plasticity and not an explanation. 

Since the author does not believe in the production of an amorphous phase 
when a metal is rolled cold, he has to account for the decrease in apparent density. 
He ascribes this, p. 1 14, to the production of microscopic voids arising from the 
displacement caused by the cold working. A strong point in his favor is that 
bismuth shows a decrease in density although bismuth expands on freezing. 
He does not seem to be well-advised in claiming, p. 117, that a shearing force 
is equivalent thermodynamically to a uniform pressure. 

On p. 182 the author states that eutectics do not necessarily consist of 
thin plates but that, in the case of cadmium and zinc, the eutectic is made up 



198 


New Books 


of rods of cadmium surrounded by rods of zinc. This is so interesting that one 
would have liked to know to what extent this phenomenon is general. In this 
case, zinc is apparently the external phase. With bismuth and gold, bismuth 
is the external phase, though present only in relatively small amount. With 
chill-cast copper-lead alloys, the lead Is the internal phase. Nobody seems to 
know whether there is always an external and an internal phase or whether we 
may have interlacing systems. When we have one phase the external one, what 
are the factors which determine which phase is which? 

On p. 236 the author follows many metallographists in concluding that 
because cementite is said to be less stable than graphite at 1000®, it is necessarily 
less stable at all temperatures. The reviewer feels that there is need for a care- 
ful/ critical study of the evidence on which people base the belief that ferrite and 
graphite are the only stable phases at ordinary temperatures. The author be- 
lieves that there are two forms of cementite, p. 245; the cementite in pearlite 
and the cementite as produced direct from the melt. This is very important if 
true. Tammann considers that martensite is an instable form of alpha iron, 
p. 248. The book was written too soon to permit of a discussion of Jeffries* 
conclusions in regard to martensite, though it is quite possible that the author 
would not have considered them at all, for he states in the preface that the volume 
is based so far as possible on his own work. 

On p. 264 the author states that the gamma solid solutions of the copper- 
tin alloys consist of CusSn with an excess of copper or tin. While this may be 
true, there is absolutely no experimental evidence for it and it does not make for 
progress to conceal our ignorance by assertions of this sort. Tammann is not 
alone to blame for this. Practically all the modern metallographists give free 
rein to their fancy when dealing with solid solutions and show no hesitation in 
describing constituents for which there is no experimental evidence. It must 
be counted to Tammann’s credit that he makes no guess, p. 268, as to the hy- 
pothetical compounds occurring in the copper-zinc solid solutions. 

While the conductivities of the fused tin-lead alloys are approximately 
an additive property, this is not true for the sodium-potassium melts, p. 312, 
where the conductivity-concentration curve poasses through a marked minimum. 
With sodium and mercury there are apparently two minima . While one minimum 
could be accounted for by pastulating the existence of a compound in the melt, 
it is difficult to see how to account for two. 

On p. 390 the author states that the alloys of aluminum and antimony, 
iron and chromium, and iron and molybdenum behave like a two-component 
system on slow crystallization and like a three-component system on rapid crys- 
tallization. This means that there are two modifications of something in the 
melt which change relatively slowly one into the other. 

Wilder D. Bancroft 

Die Methoden der organischen Chemie. By /. Houben, Vol, /. 2^ X 
1 8 cm; pp. XXVI -f ii2i, Leipzig: George Thieme, igzi. Price: paper, 
420 marks; bound, 450 marks. This stupendous volume is the first in a completely 
revised edition of WeyPs work of the same title. The new edition will run to 
four volumes and will be absolutely indispensable if the other three volumes are 
anything like as valuable as this one, which covers the general presentation. 
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The sub-heads are: organic ultimate analysis; simplified ultimate analysis; 
ultimate analysis with the Berthelot bomb; organic ultimate micro-analysis, 
gas analysis; proximate analysis; colorimetry; capillary and adsorption analysis; 
heating; cooling; drying; stirring and shaking; pressing and centrifuging; clar- 
ification; decolorizing; filtration; washing and decantation; analysis and 
ultra-filtration; solvents; precipitation and salting-out; crystallization; ex- 
traction and shaking-out; evaporation and concentration; distillation; subli- 
mation; autoclaves and sealed tubes; special methods of purification; prepara- 
tion and purification of some gases; crystallographic metlicxls; melting points; 
boiling points; solubilities; densities; molecular weights; rotation of plane of 
polarization; index of refraction; fluorescence; conductivity; calorimetry of 
organic compounds; heats of reaction; flash-points and inflammation tempera- 
tures; viscosity; recognition of dyes. 

The micro-analysis methods now developed, p. 130, make it possible for 
anybody to do combustion with 5-10 mg of substance while an expert can get 
along with 1-2 mg by taking all sorts of precautions. This is of such importance 
that these methods should be taught in every chemical laboratory. Twenty 
pages are given to capillary and adsorption analysis, pp. 272-291. This includes 
the use of the capillarimeter, the stalagmometer, and the viscostagonometer; 
Goppelsroeder’s capillary analysis; and Wislicenus' method of adsorption with 
fibrous alumina. It is claimed for Goppelsroeder’s method that in aqueous solu- 
tion one can detect strychnine hydrochloride at a dilution of 1/1600,000, strych- 
nine nitrate at 1/13,000,000, eosin at 1/58,000,000 and magenta at 1/185,000,000. 

Under clarification, p. 386, are included the carrying down of suspended 
matter by alumina, barium sulphate, and kieselguhr. The author (Herzog) 
recommends precipitating gelatinous material with tannin; but he points out 
that the same result can be obtained by adding alcohol and distilling it off. Under 
these conditions the gelatinous materials form flocks which can be filtered. The 
theory of this appears not to have been given. Under decolorizing, p. 389, the 
use of charcoal is the important thing. Merck is quoted as saying in 1917 that 
a vegetable charcoal had been made which was fully as good as any animal 
charcoal. Decolorizing agents of an entirely different type are sulphurous acid and 
permanganate. Dialysis and ultrafiltration receive about twenty-five pages, 
pp. 428-453. Gold-beaters’ skin is much better for dialysis than parchment 
paper. The pores of ordinary filter paper are given as 3.3 /li; those of extra hard 
paper as 0.9-1. 5^; while the earthenware filters run as low as 0.16iu-0.18Ai. With 
the most recent Pukall filters one can take the albuminoids out of milk completely. 
For ultra-filtration proper only collodion membranes are used at present. 

The earliest case of salting out a dve occmred in 1740 when Barth pre- 
cipitated indigo carmine from solution by addition of sodium chloride, p. 493. 
Now many dyes are purified by a salting-out process. The soditim salts of the 
sulpho acids can be obtained readily by salting-out with sodiiun chloride and 
ammonium sulphate is a standard reagent in preparing proteins. These different 
cases are not necessarily the same because we are probably dealing with true solu- 
tions with the sulpho acids while the proteins are in colloidal solutions. It is 
not always possible to draw an absolutely sharp line. Methylene blue forms true 
solutions ordinarily but addition of enough caustic soda makes it colloidal and 
then precipitates it. 
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In the chapter on the recognition of dyes, pp. 1023-1072, the author 
(Schneider) makes the usual differentiation into acid, basic, direct, mordant, 
sulphur, vat, and pigment dyes. As a means of determining the class to which 
an unknown dye belongs, the author adopts the methods of Heermann and of 
Ganswindt: dyeing on wool without mordant for acid dyes; dyeing on chrome- 
tanned wool for mordant dyes; dyeing on wool with sodium sulphate for direct 
dyes, or on cotton in presence of much sodium chloride; dyeing on cotton mor- 
danted with tannin for basic dyes. The sulphur and vat dyes can be recognized 
by their behavior with sulphide and hydrosulphite solutions, respectively. 

Wilder D. Bancroft 

Analytische Chemie. By Tk Doting. 22 X is cm; pp. gy. Dresden 
and Leipzig: Theodor Steinkopff, ig 2 i. Price: Paper 60 els. — During the war 
the Germans were ait off from a knowledge of what the rest of the world was doing 
in a scientific way and since the war the rate of exchange has made it difficult for 
them to get the necessary books, to say nothing of the time wasted if each man 
looked through everything to find out what had been done in the lines that ap- 
pealed especially to him. In order to meet this difficulty Licsegang has started 
a scientific series, each volume of which shall give in a condensed form the progress 
made in some branch during the period from 1914 to 1919. The first volume is 
on analytical chemistry, the second is on general geology and stratigraphy, 
while subsequent volumes will deal with electrochemistry, inorganic chemistry, 
organic chemistry, foods, theoretical physics, optics and wave theory, atomistics 
and electronics, mineralogy, etc. 

In the preface the author says that recent progress in analytical chemistry 
has been along three lines: introduction of new reagents such as nitron, benzi- 
dine, etc.; improvements in instruments; application of physical chemistry. 
The subject is presented under five heads: general; detection, separation, and 
quantitative determination of cations; detection, separation, and quantitative 
determination of anions; determination of carbon, oxygen, and included gases 
in commercial metals, with special reference to iron; elementary analysis of 
organic substances. 

As a substitute for platinum the author recommends the gold- palladium 
alloy, p. 1. On page 3 attention is called to Chamot's use of silk fibre stained with 
Congo red for microcheraical investigations. On p. 8 Kolthoff's work on the 
effect of salts on indicators seems important. Hedwall’s detection of calcium 
carbonate in a mixture of calcium, strontium, barium, by heating to a tempera- 
ture at which calcium carbonate alone loses carbon dioxide, p. 12, is an inter- 
esting application of physical chemistry. The reviewer was also interested 
in the estimation of perchlorate with methylene blue, p. 72, though chiefly on 
account of the color changes involved. 

The book seems a very good one and the value of it is not limited to the 
Germans. All chemists will find this concise statement of the recent develop- 
ments in analytical chemistry of value to them. Wilder D. Bancroft 



TRAfNSlT-iaN FROM ORYSTAEEOID TO CoitOID 
PROPERTIES WITHIN HOMOLOGOUS SERIES 

BY EDGAR J. WITZEMANN^ 

The properties of colloidal and crystalloidal solutions 
are generally discussed from the standpoint of their differences 
and less frequently from the standpoint of their similarities.'* 
The former is done for convenience in presentation ; the latter 
because they really are quite similar and as Einstein empha- 
sized in a mathematical treatment of the subject,® there is a 
gradual transition from crystalloid to colloid properties. 
There is in living organisms a special case of gradual transition 
from crystalloid to colloid properties within homologous series. 
This transition is not static but represents a dynamic equi- 
librium which is, so far, largely peculiar to the living organism 
and which seems to be an indispensable characteristic of life 
as we know it. 

The biological aspects of the general problem of colloidal 
transition fall apart into three considerations. 

(1) The factors that influence this transition in general 
with a given group of compounds. 

(2) The condensation hydrolysis equibrium by which 
the transition is made from one end of the series to the other. 

(3) The biological factors that sensitize and speed up 
this equilibrium. 

In this paper we shall discuss this problem of transition 
mainly with respect to the first of these considerations in order 
to determine whether the relations involved can be considered 
in simple terms of chemical constitution, for instance. It 
seemed likely that to consider all solutions as a continuity 
would aid eventually in understanding certain aspects of many 

^ Contribution from the Otho S. S. Sprague Memorial Institute, Rush 
Medical College, Chicago, 111. 

* Zsigmondy -Spear: ''Chemistry of Colloids," p. 23 (1917). 

3 Einstein: Ann. Phys., (4) 17, 549 (1905); 19, 371 (1906); Zeit. Elektro- 
chemie, 14, 235 (1908). 
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biological probtems such as diabetes mellitus f<x instance in 
vdiidi the organism can convert a ct^oid (starch) into a crys- 
talloid (glucose) but cannot get it bade again into the colloid 
state (glycogen) adequately. 

The main components of living organisms (other than 
water) are the so-called biocolloids (lipoids, carbohydrates and 
proteins) and the simple molecules or crystalloids of which 
they are built up. lliese biocolloids as a group differ from 
other colloids in the degree to which they show certain typical 
diaracteristics of colloids. For instance they are in general 
more completely reversible than most other colloids. In fact 
they show two interesting kinds of reversibility. 

(1) These colloids as a group may be taken out of or put 
into colloid-solution as often as desired, and in general if 
nothing is done to them that is incompatible with the life of 
the organism from which they are derived, they show little 
tendency to become irreversible. In any case the biocolloids 
are the type substances of the reversible colloids. 

(2) In the living organism they exhibit a tremendous ca- 
pacity for reversibility of the equilibrium represented thus: 


Chemically labile 
Physically stable 
Crystalloids. 


Physically labile j 
Chemically stable !• 

Colloids. 1 


A large portion of the physical chemical philosophy of the 
cell is graphically summarized in this equilibrium. The chem- 
ical processes of life take place in chemically stable colloidal 
systems built up from crystalloids by virtue of chemical trans- 
formations of other portions of the same crystalloids. 

The formulation of this reversible equilibrium visualizes 
some interesting paradoxical situations. Both sides contribute 
indispensably to the joint result — namely, life — ^but from the 
viewpoint of either side of the equation the material on the 
other side is playing a passive r61e. Its effects are indirect. 
Assigning "social” attributes to the molecules in question we 
have here a kind of chemical “altruism.” Moreover the sys- 
tem contains both a dilute and concentrated solution since the 
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discontinuous phase contains a lower concentration of water 
(in biological systems) than the continuous phase. Therefore 
if condensation reactions thrive best in the more concentrated 
phase hydrolytic reactions should thrive best in the other. 
This discontinuity moreover gives rise to a differentiation in 
the energy components of the two phases the full consequences 
of which are yet to be appreciated and concerning which more 
will be said below. 

These two types of reversibility so important to the chem- 
ical organization of life seem to fit these biocolloids peculiarly 
for their rble in life processes as we know them. The chemist 
cannot aid materially in the dynamic interpretation of these 
processes until he can connect these two groups of spontaneous 
effects with the properties of the compounds in question and at 
the same time formulate his interpretation so that these trans- 
formations are seen to take place in accordance with the known 
principles of thermodynamics. Recent experience in the in- 
terpretation of the transformations of colloidal manganese di- 
oxide^ on the basis of equilibria sensitive to changes in temper- 
ature, in concentration and in the nature of the reagents sug- 
gested that perhaps the transition from crystalloid to colloid 
properties and vice versa, considered above, could be interpreted 
on the basis of chemical constitution. The results of such an 
inquiry are briefly stated in what follows. 

The Fatty Aeids 

The commonest biocolloids constitute three complex ho- 
mologous series — namely, the fats, carbohydrates and pro- 
teins — all of which are homogeneous or heterogeneous in their 
chemical components. For the sake of definiteness and sim- 
plicity it will be best to consider the fats first and these prefer- 
ably in the form of their sodium and potassium soaps or salts. 
These compounds have the simplest chemical structure and 
within a truly homologous series show a strikingly definite 
transition from simple crystalloid qualities, in the lower mem- 
bers, to definite colloid properties in the higher members. The 

> Jour. Am. Chem. Soc., 35 , 1079 (1915); 39 , 25 (1917). 
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main facts concerning this series will be recalled in connection 
with the brief review given in the following paragraphs. 

(1) It is well known that after butyric acid the fatty acids 
rapidly become increasingly insoluble in water. Thus from 
complete miscibility in water for the lower acids there is a 
gradual passage to almost complete insolubility and immisd- 
bility in the higher members. 

(2) On the contrary the sodium and potassium salts of 
fatty acids are much more soluble, except the lowest members of 
the series, than the corresponding free acids. With increasing 
molecular weight the aqueous solutions tend to become more 
and more colloidal. Here, too, we have a gradually decreasing 
miscibility with increasing molecular weight manifested 
in a somewhat different way. * Thus the substitution of the hy- 
drogen atom in the carboxyl group with potassium or sodium 
increases the range of solubility of the fatty acids and increases 
their capacity to take up water in the case of the higher acids 
in which colloidal solutions are formed. 

(3) If we accept the main idea of the solvate theory of 
solution, namely, that solvent and solute interact in some way, 
then in the case of the fatty acid series the introduction of sodium 
or potassium in the carboxyl group increases the affinity of 
the molecule for water. Since a fatty acid is a constant 
(the carboxyl group) attached to a variable (the hydrocarbon 
group) it would obviously be unreasonable to expect the en- 
tire series of soaps to interact with water in exactly the same 
way. Now it is well known that water forms hydrates with 
formic and acetic acids and the alkali salts of lower fatty acids;* 
but the idea that these hydrates vary in complexity and sta- 
bility for different fatty acids has not been much used as a 
working conception. Thus the long-known anomaluos vola- 
tility of the lower fatty acids® on distilling dilute aqueous solu- 

» Cf., for instance, Mayer, Schaeffer and Terroine: Comptes rend us, 146 , 
484 (J908). 

Jones: Carnegie Inst. Publications, No. 210 (1915); Cf. summary 
and list of earlier publications at the end. Turner: ''Molecular Association** 
n915). 

5 Duclaux: Ann. Chim. Phys., 2, 289 (1874). 



Transition from Crystalloid to Colloid Properties 205 


tions had no simple rational interpretation until recently the 
principle of decreasing stability of the fatty acid hydrates with 
increasing hydrocarbon function was used to supply one.^ 

(4) The idea that these compounds interact with the sol- 
vent is supported by many well-known lines of evidence only 
a few of which will be mentioned. 

If the growing insolubility of the acids in water is due to 
the increasing significance of the hydrocarbon function and 
this group and the carboxyl act in an opposite sense on the 
solubility as may be concluded from much data in the litera- 
ture- then the substitution of hydrogen in water with hydro- 
carbon groups should increase the solubility of fatty acids in 
the solvent. Now it is well known that soaps and fatty 
acids give true solutions with alcohols to a higher point in the 
scries and to higher concentrations than they do with water. 
Moreover if the presence of the hydroxyl group in water is 
associated with the favorable effect of the carboxyl group on 
the solubility of the fatty acid, then the introduction of hy- 
droxyl groups in the hydrocarbon group of a higher fatty 
acid should favor solubility of the fatty acid in water. That 
the hydroxy fatty acids are more soluble and interact more 
strongly with water is well known. 

Other effects of the hydrocarbon depending on the charac- 
ter of the carbon chain, the number of carbon atoms in it and 
the position of the substituents, all have marked influences 
upon the solubility, but these factors do not modify the mini- 
mal statements given above concerning the influence of the 
two component groups of a fatty acid upon its general be- 
havior toward water. 

Physical and Chemical Theories of Solution 

In order to make this discussion of the problem of the 
transition from crystalloid to colloid properties within a 
homologous series concrete it seems necessary to compromise 
the immortal controversy between the physical and chemical 

* Witzemann: Jour, Am. Chera. Soc., 41 , 1946 (1919). 

2 For example cf. Auwers: Zeit. phys. Chera., 42 , 542 (1902). 
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theories of solution. ‘ After what was said in the preceding 
paragraphs it seems clear that whether the one or the other 
theory most nearly expresses the facts will depend upon the 
chemical constitution of the solvent and the solute in question. 
Thus hydrocarbons in hydrocarbons give solutions in which 
the two components of the two systems of molecules differ 
quantitatively in composition but not qualitatively. We 
should here expect a minimum of chemical interaction and 
many of the properties of the solution should represent the 
algebraic sum of those of the components. Such solutions 
would best conform with physical theories. With water and 
hydrocarbons we have no chemical resemblance and have no 
way of knowing a priori how these two substances will inter- 
act. Having found that they do not interact to form a solution 
we have two possible ways of modifying the mixture in order, 
to attain solubility. We may chemically make the hydro- 
carbon more like water by putting a carboxyl or hydroxyl 
group into its molecule or we may make the water more like 
hydrocarbon by replacing a hydrogen atom with a hydrocar- 
bon group. Both systems now interact and will conform more 
or less closely with the physical or chemical theory of a solu- 
tion depending upon the nature of the groups involved, i. e., 
in which component the concession to the chemical consti- 
tution of the other was made. 

As a qualitative statement the above is probably gener- 
ally accepted. The difficulties arise in attempting to apply 
quantitative definitions and are partly due to the fact that our 
qualitative conceptions are not yet sufficiently dear. More- 
over there is a tendency to set up discontinuities in our con- 
sideration of these phenomena where gradual transitions 
only exist. In this way imaginary boundaries are set up which 
we find ourselves more reluctant to cross as the data in the 
two fields multiply. 

• Cf. P. Walden; “Die Ldsungstheorien in ihrer geschichtlichen Aufein- 
anderfolge," Ahrens Sammlung Chem. u. Chem.-Techn. Vortrage, IS, Nos. 8-18 
( 1010 ). 
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In a recent study of water in the state of vapor, Oddo^ 
pointed out that the more rarefied water vapor becomes, or 
the lower the vapor pressure, the greater the percentage of 
water dissociated into H"*" and OH“ ions. On the other 
hand Oddo also found that after a certain vapor pressure was 
attained the percentage of ionic dissociation continues to 
decrease but that the percentage of molecular association 
rapidly increases. Oddo concluded that it seems that na- 
ture likes about so many particles of the constituents of water 
in a given volume and tends to break them apart or double 
them up in the attempt to maintain this number. 

Jones* observed similar effects with mixtures of alcohol 
and water and acetic acid and water. 

“An associated liquid tears down the molecules of an 
electrolyte dissolved in it, into simpler parts or ions; and it 
might be expected that such a liquid would tear down mole- 
cules of another associated liquid, a nonelectrolyte, not into 
charged parts or ions, but into simpler molecules. Alcohol and 
water are associated liquids, as has been shown by the surface 
tension method of Ramsay and Shields. Do these diminish 
the association of one another? 

“That this is the case was shown by Murray.* He 
worked with associated liquids, water, formic and acetic acids. 
He determined the molecular weight of each of these liquids 
in the other two and found that the molecular weight became 
smaller the more dilute the solutions. This showed that the 
solvent, i. e., the liquid present in the larger quantity, was 
tearing down the molecular complexes of the dissolved liquid 
or the one present in the smaller quantity.” 

Application of Le Chatelier’s Principle 

The above graphic statements of Oddo and Jones seem to 
resemble the qualitative statement of the second law of Ther- 
modynamics known by chemists as the Theorem of Le Cha- 

> Gazz. chim. ital., 45 I, 319 (1915). 

* Carnegie Inst. Washington Pub., No. 210, 163 (1915). 

> Am. Chem. Jour., 30, 193 (1903). 
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teller, by physicists as the Theorem of De Maupertuis or the 
Principle of Least Action, by biologists as the Law of the 
Survival of the Fittest, and by economists as the Law of Sup- 
ply and Demand.^ If this apparently universal principle 
governing natural phenomena can be adequately applied to 
a formulation of the phenomena of true and colloidal so- 
lution it would constitute a simplification of the problem and 
an advance at the same time. The example cited by Jones 
will serve to discuss the proposition concretely and thus to 
test the applicability of this Principle of Le Chatelier of the 
problem of solution. 

Pure liquid acetic acid and liquid water are largely di- 
molecular. When a little of the acid is dissolved in the water 
dimolecular acid and water break up and acetic acid hydrate 
is one of the products. The total number of dimolecular mole- 
cules is less than the sum of the dimolecular molecules orginally 
present in the two component liquids. This distribution of 
acetic acid in water thus really involves two effects. (1) 
It involves the tendency on the part of the acid to distribute 
itself in the volume available as though it alone were present. 
This involves the breaking up of some associated molecules 
and some ionic dissociation analogous to what Oddo pictured 
for water. (2) It involves the interaction of these components 
of the acid system with the components of the water already 
present and this involves the formation of the various ion 
and molecule hydrates. The whole system of changes can 
be expressed in a series of equilibria^ and the final condition 
of the system undoubtedly conforms with the Second Law of 
Thermodynamics, of which Le Chatelier’ s Principle is the 
qualitative statement. 

When additional acid is added, the whole cycle of changes 
and adjustments is repeated until presently enough acid 
has been added so that it becomes obvious from molecular 
weight determinations such as those cited above that a smaller 

^ Paraphrased from a paper by W. D. Bancroft: Jour. Am. Chem. Soc., 
33, 91 (1911) 

2 Cf., for instance, Witzemann: Jour. Am. Chem. Soc., 39, 25 (J9i7). 
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proportion of dimolecular acetic acid molecules is now being 
broken up. Into such a solution we could pass monomolec- 
ular acetic acid vapor and find it in the aqueous solution 
largely as dimolecular acid. Such a solution presents three 
kinds of acetic acid — ^ionized acid, monomolecular acid, and 
dimolecular acid — all in equilibrium with each other. The 
system is a completely reversible and reproducible one and may 
be prepared from any of the three acid components and water by 
adjusting the concentration of the water. Whether all three 
kinds of acid were present in the solution when equilibrium was 
attained after the first addition is probably not certainly 
known, but that as the concentration increases the dimolecular 
kind of acid increases faster tlian the other two kinds is 
clearly indicated by much experimental data. Since all of 
these kinds of acid are freely soluble in water the system is 
commonly considered to be homogenous. That it is not 
truly homogeneous is obvious. 

The particular heterogeneity in which we are interested 
at this point is that involved in the formation of dimolecular 
acid from and in the presence of monomolecular acid within 
the aqueous solution. Here we have the spontaneous forma- 
tion of a more condensed system within a less condensed one. 
Or using colloid chemical terminology a discontinuous phase 
(or concentrated solution of the colloidal substance) within 
a continuous phase (a dilute solution of the colloidal sub- 
stance in the solvent). Wliat may appear to be an unimportant 
distinction in the case of acetic acid as discussed ceases to be 
so if we take the sodium or potassium salts of the lower and 
higher fatty acids as well. One of the best-known facts of 
colloid chemistry is the fact that in passing up this series the 
significance of the ionized and monomolecular molecules di- 
minishes more and more while the typical colloidal polymolec- 
ular molecules dominate more and more. Here we have de- 
veloped for identical molecular concentrations of various salts 
the series of effects observed with variable concentrations 
of acetic acid. 

The discussion in the preceding paragraphs confirms the 
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impression that the process of formation of both true and col- 
loidal solutions, although not understood in its details, is ob- 
viously amenable to Le Chatelier’s Principle. The molecular 
state of the fatty acids and their salts in solution presents no 
sharp break but rather a gradual transition from a less ob- 
vious to a more obvious heterogeneity. This change is seen 
to coincide with the increase in the hydrocarbon function of 
the molecule and since the other chemical function (carboxyl) 
is constant for the series the change must be definitely attrib- 
uted to the constitutive influence of the hydrocarbon group. 
Consequently the decreasing dispersibility of these higher 
fatty acid salts is to be attributed to the increasing hydro- 
carbon function. Because of the chemical simplicity and 
stability of this group these salts and their derivatives should 
be expected to play the important biological r61e that they do. 

Differentiation of Energy in the Two Phases 

The fadt that the soaps are not uniformly dispersed in 
aqueous solution but that the solution represents a concentrated 
solution suspended in a dilute one gives rise to an unequal dis- 
tribution of energy between the two phases of the solution. 
The situation from the standpoint of energy is analogous to 
the behavior of compressed carbon dioxide. When the pres- 
sure is released the kinetically cool gas escapes into a warmer 
atmosphere. In expanding a portion of the gas is heated 
while the remainder is cooled. The end products are rela- 
tively warm carbon dioxide gas and cold carbon dioxide snow; 
A marked heterogeneity in the energy content of carbon 
dioxide was produced on releasing the relatively homogenous 
carbon dioxide into a similarly homogeneous atmosphere. A 
singularly parallel stepping up and down of the energy con- 
tent of the component molecules of a quantity of soap occurs 
when it is dispersed in water. In the case of soap, however, 
we obtain a differentiated system that is stable in comparison 
with the carbon dioxide system. Since differentiation of heat 
energy content as in the case of carbon dioxide gives rise to 
unstable systems in which energy equalization occurs rapidly 
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if unhindered, it is obvious that the energy differentiation 
induced in these colloidal systems involves other kinds of 
energy than heat energy. The electrically charged colloidal 
particles (in so far as they are not due to ions) and the surface 
energies so pronounced in the colloidal state represent at 
least two known types of differentiation of other energies that 
are involved here. 

This heterogeneity of energy distribution in colloids is 
conditioned by the orientation of the molecules within the 
system as a whole and manifests itself as surface energy only 
at the boundaries of the phases, as is shown by the interesting 
results of Harkins* for instance. These effects are particu- 
larly striking with simple compounds like the alkali soaps, the 
molecules of which have two ends of widely different chem- 
ical constitution. The same type of orientation probably 
is not conspicuous in the polysaccharides and proteins in 
which the active groups substituted in the hydrocarbon 
residues are rather evenly distributed through the large 
molecule. 

Since the amount and kind of energy in the environment 
of molecules is an important factor in determining chemical 
reactivity, it is clear that such spontaneous differentiations of 
energies in colloidal systems would be desirable in the chem- 
ical organization of life because it would contribute so much 
to the chemical versatility of the organism. To have chem- 
ically cold, moderate and hot regions Avithin submicroscopic 
distances of each other would be a great engineering advantage 
when the diversity of the chemical needs and processes of an 
organism are considered. 

In summarizing for the fatty acid series we may say that 
increasing hydrocarbon function in this series gives rise to an 
increasing tendency to form two solutions in water at the same 
time (a concentrated and a dUute one) and that this material 
differentiation is associated with a differentiation in the 
amounts and kinds of energy present in the two phases of the 


■ Jour. Am. Chem. Soc., 39, 641 (1917). 
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solution. Moreover it is clear that these transformations are 
taking place in accordance with Le Chatelier’s Principle. 
Such characteristics as these, together with the fact that 
these systems are self-reproducing from the components, 
admirably fit these compounds as biocolloids. 

The Bioeolloids Proper 

In the above we have traced the transition from crystalloid 
to colloid properties in a simple homologous series of compounds. 
The even more typical biocolloids such as the hexose — polysac- 
charide series and the amino acid — polypeptide — protein se- 
ries are not so simply constituted. 

Both series are built by condensation reactions from sim- 
ple crystalloids and thus show the same gradual transition 
from crystalloid to even more characteristic colloidal prop- 
erties than are observed with the soaps, in passing up the 
series. Both series may be considered as substituted hydro- 
carbons and their differences may be ascribed to the degree and 
nature of this substitution. In the carbohydrate series the 
substitution consists mainly in OH groups and the com- 
pounds of the entire series are in general feebly acid in nature 
and generally not highly reactive chemically except under 
special chemical conditions. The proteins on the other hand 
are built up of crystalloid components in which the basic amino 
group balances the acid carboxyl group. When the protein 
molecule is synthesized from a variety of these compounds 
with a hexose, purine, phosphoric acid molecule, etc., intro- 
duced here and there we have a priori a system that will be 
chemically temperamental or stable, depending upon the quan- 
titative chemical nature of its environment. 

The constitutional reason for the colloidal state in the higher 
carbohydrates and proteins is not exactly the same as that 
given in the case of soaps. In the soaps we had but two 
groups — the hydrocarbon and the carboxyl groups — ^which, 
according to Auwers’ classification of groups with reference 
to their effects upon molecular association,* have an opposite 


Zeit. phys. Chem., 42, J542 (1902). 
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effect upon molecular association of compounds in which they 
are substituted. In this series the increasing hydrocarbon 
function acts to decrease the affinity of the fatty acid for 
water and to increase its affinity for molecules of its own 
kind. In the case of the carbohydrates the increasing func- 
tion is approximately CHOH of which group the OH, accord- 
ing to Auwers’ classification, has distinct tendencies to facil- 
itate molecular combination with other OH containing com- 
pounds, such as water. We therefore have greater solubility 
of the carbohydrate compounds than is shown by the corre- 
sponding hydrocarbons. That starch and cellulose are not 
freely soluble in water, however, shows that an unlimited num- 
ber of OH groups does not secure unlimited solubility. In 
fact the facts in this connection are perhaps the best proof 
that the solvent interacts with the solute. It is a well-known 
fact that polyhydroxy compounds have a tendency to undergo 
condensation reactions by which two molecules react with the 
splitting out of a molecule of water giving rise to many simple 
and mixed complexes. Such condensations are however not 
limited to the kind just described. Anhydrides of some of 
these compounds are under some conditions more easily formed 
than the condensation products mentioned above. This is par- 
ticularly true with y-hydroxyorganic acids which give lactones 
so easily. The known chemistry of cellulose, for instance, is 
at present best explained by considering it as an anhydride of 
the y-oxido form of glucose.^ Compounds that so readily give 
rise to lactones and inner anhydrides have little tendency ta 
add water at these points. In interacting with water they 
have a greater tendency to interact by means of their free 
OH groups to form hydrates than to add water at the anhy- 
dride oxygen rings and linkings. That is, the secondary va- 
lences of oxygen are more unsaturated toward water under 
these conditions than the anhydride linkages. 

The same problem may be considered concretely in another 
way. The polysaccharide molecular complex contains many 


> Hibbert; Jour. Ind. Eng. Chem., 13 , 256, 334 (1921). 
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OH groups the secondary valence energy of which is saturated 
off by adjoining OH groups in the same complex. When 
this complex network of OH groups interacts with a simple 
set of OH groups like that of water (HjO)* the latter becomes 
molecularly dissociated and bound by the complex as hydra- 
tion water without markedly dispersing the complex poly- 
saccharide as a whole. Only as the final result of many such 
interactions with water molecules does a higher polysaccharide 
become dispersed in such solvents as water. Such a complex 
polysaccharide as starch should therefore be expected to 
swell and disperse slowly in water. 

The process becomes still more concrete when pictured in 
terms of such simple electronic conceptions of valence as that 
of J. Stark/ details concerning which need not be given here. 

In the protein molecule the changing functions, besides 
the hydrocarbon part, are the NH2 and CO2H residues which 
accor^ng to the same classification of Auwers also tend to 
facilitate molecular association with water. On the basis 
of the chemical nature of these groups the protein molecule 
interacts with water in some respects like the higher carbo- 
hydrates, but because the structural variety of groups in pro- 
teins is much greater the possibilities for sensitive influences 
become much greater. There is however no question about 
the gradual transition from crystalloid to colloid properties 
on passing up and down the series. Moreover it seems 
clear that if the above statements are of value in clarifying 
the relations in the fatty acid and carbohydrate series they 
are of value in the protein series although the relations are 
still somewhat more obscure on account of the more complex 
structure of these compounds and our ignorance of the in- 
fluence of these various structural factors upon the proper- 
ties of protein. 

General Resume 

One of the most persistent problems of biological chem- 
istry is the question as to how such chemical systems as con- 

‘ Cf. P. Ruggli: Ahrens Sammlung Chem. u. Chem.-Techn. Vortrage, 
19 (1912-3) for a review and refs. 
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stitute living organisms can come about. It is only as this 
question can be answered more or less clearly in chemical 
terms that the chemical dynamics of life processes become 
more amenable to attack with the conventional tools of chem- 
istry. The above paragraphs constitute a partial answer to 
the question and state pretty clearly in terms of chemical 
constitution why the indispensable heterogeneity of the 
aqueous systems constituting living organisms exists and how 
it is spontaneously brought about. It is shown that the 
emulsoid structure of biocolloids constitutes a gross hetero- 
geneity which is also present in a much less conspicuous form 
in the lower crystalloid members of the same homologous se- 
ries. In this way it becomes clear that the particular proper- 
ties of biocolloids arise from the cumulative effect of certain 
groups in the molecule. This effect of chemical constitution 
is especially easy to trace with the soaps and less easy with 
the carbohydrates and proteins. 

The discussion also brings out the fact that there is as- 
sociated with this material heterogeneity a well-known hetero- 
geneity of energy. It is shown on the basis of a simple example 
how such heterogeneities may arise spontaneously upon re- 
leasing one system into another. The best known energy 
differentiation under these conditions is the much-discussed 
surface energy. In this discussion it appears that the sur- 
face energy phenomena in solutions are energy differentiations 
definitely associated with material differentiations and these 
in turn are due to chemical constitution and that changes in 
the latter necessarily involve the whole series of effects. Even 
the earliest students of chemical constitution knew that changes 
in constitution involved changes in solubility and therefore 
in the secondary effects of solubility. We however have been 
slow in following their lead particularly in considering the 
biocolloids. 

So far as biological phenomena are concerned these two- 
heterogeneities have in the past been regarded as associated 
with some vital force. But even now, when the aid of a hy- 
pothetical vital force is not so often called upon, these hetero- 
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geneities are frequently thought to be maintained in organisms 
by a constant expenditure of energy obtained from chemical 
reactions in the organism. Considerations developed in this 
paper indicate that certainly part of this heterogeneity occur- 
ring in the structure of organisms arises from a predisposition 
on the part of the component substances themselves to give 
rise to these effects. Such colloidal systems as those pre- 
pared from simple biocolloids are self-reproducing from the 
components; they arise spontaneously and require no unusual 
outlay of energy for their construction and maintenance. 

Wm. Ostwald^ has said that the two known laws of ther- 
modynamics will take on a new comprehensiveness when we 
have learned to include the phenomena of biology among 
the data covered by what is still called thermodynamics. 
It is therefore particularly interesting to find that the qualita- 
tive statement of the second law known as Le Chatelier’s 
Principle is so easily rediscovered in the phenomena of true 
and colloidal solutions so fundamentally involved in biologi- 
cal phenomena. This leads one to assert, whatever the errors 
made above may be, that the fundamental idea is right, since 
the most comprehensive statement yet developed concerning 
natural phenomena is so readily discovered to be operative in 
these phenomena of solution when the data are considered in 
this way. 


‘ Cf., for instance, "Der energetische Imperativ,” pp. 12-1.“? (1913). 



A spectrophotometric study of solutions 

OF CUPRIC CHLORIDE 

BY FREDERICK H. GETMAN 
Introduction 

Although the absorption of light by solutions of copper 
salts has been the subject of numerous investigations extend- 
ing over a period of nearly fifty years, apparently the first 
trustworthy quantitative data is that furnished by Ewan‘ 
in 1892. He investigated solutions of the chloride, sulphate, 
and nitrate of copper. His apparatus was so arranged that 
the spectrum of a thin layer of a concentrated solution could 
be compared directly with a thick layer of a dilute solution, 
the product of thickness and concentration in each case being 
maintained constant. The conclusions reached by Ewan 
may be briefly summarized as follows; (1) The absorption 
spectra of the three salts change on dilution. (2) The changes 
in the spectra are such that they tend to become identical 
in dilute solutions. (3) In concentrated solutions the greater 
part of the absorption is due to the molecules, while in dilute 
solutions it is due almost wholly to the ions. 

In a second paper, Ewan* confirmed his earlier results 
and pointed out that the changes in the absorption spectrum 
of cupric chloride on dilution are such as to indicate a pro- 
gressive ionization as expressed by the equations 

+ - ++ - 

CuCh— »-CuCl -1- Cl— ►Cu -h 2C1. 

The fact that dilute solutions of different salts of copper 
give identical absorption spectra was brought out in a striking 
manner in the well-known investigation of Ostwald* on the 
color of salt solutions, and was cited by him as furnishing 

» PhU. Mag., 33, 317 (1892). 

» Proc. Roy. Soc.. 56 , 286 (1894); 57 , 117 (1895). 

• Zeit. phys. Chem., 9 , 679 (1892). 



218 


Frederick H. Getman 


further evidence in favor of the theory of electrol3rtic disso- 
ciation. 

Kastle,* in a paper treating of the colors exhibited by 
various copper salts in solution, concluded that neither the 
dissociation nor hydrate theories furnished adequate explana- 
tions of the observed color phenomena and, in consequence, 
advanced the suggestion that the color of a salt solution is 
not dependent upon the color of the ion, but rather upon the 
color of the base or that of the acid, either or both of which 
may be colored. He further suggested that the base or the 
acid producing the color may possess, according to circum- 
stances, two or more distinct colors. 

Knoblauch,® and later Griinbaum,® showed that the ab- 
sorption spectrum of copper sulphate is nearly independent 
of the concentration: in other words, the copper ion and the 
molecule of copper sulphate seem to possess the same absorbing 
power. 

The addition of sulphuric acid or sodium sulphate to 
solutions of copper sulphate was shown by Magnanini^ to 
produce almost no change in the absorption spectrum, thus 
confirming the results of Knoblauch and Griinbaum. 

Changes in both concentration and temperature have 
long been known to exert a marked influence on the absorption 
of the copper halides, an increase in either of the foregoing 
variables causing an increase in the absorption of the shorter 
wave-lengths. These changes were attributed by Hartley,^ 
and also by Sabatier,® to the breaking down of hydrates in 
solution. On the other hand, Donnan and Bassett,® as well 
as Moore,® have furnished evidence to prove that the formation 


' Am. Chem. Jour., 16, 326 (1894). 

‘ Ann. Phys., [3] 43, 738 (1891). 

> Ibid., [4] 12, 1004 (1903). 

‘ Rend. Accad. Lined, [4] 7, II, 308, 356 (1891). 

‘ Trans. Roy. Soc., Dublin, [2] 7, 263 (1900). 

* Comptes. rendus, 118, 1042, 1144, 1260 (1894). 

’ Jour. Chem. Soc., 81, 939 (1903); Zdt. pbys. Chem., S3, 317 (1906). 
» Zdt. phys. Chem., SS, 641 (1906). 
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of complex ions, rather than dehydration in solution, is the 
cause of the observed changes in absorption. 

Two investigations of special importance are those of 
Miiller^ and Vaillant.® Each of these investigators carried 
out a series of spectrophotometric measurements of several 
different copper salts with a view to determining the relation 
between the degree of electrolytic dissociation and the ab- 
sorption of their solutions. For the wave-lengths at which 
measurements were made (640 /km to QOSuu) and for all solutions 
containing less than one mol of solute per liter, the absorption 
was found to be a function of the degree of dissociation. Di- 
vergences from the simple linear relation established by Vail- 
lant were observed with the higher concentrations and were 
attributed to partial dehydration of the solute. Vaillant also 
studied solutions in methyl and ethyl alcohols, as well as in 
glycerine, with the following results : ( 1 ) In the organic solvents 
investigated, the coefficients of absorption are independent 
of the nature of the solvent and also of the concentration; 
(2) if a concentrated solution of a salt is added to a dilute 
aqueous solution of another salt having a common ion, the 
value of the absorption coefficient tends to approach that of 
the solution in the organic solvent. 

The absorption spectra of solutions of copper sulphate 
in both water and methyl alcohol were studied by Carraia 
and Minozzi.® As a result of their investigation, they were 
led to conclude that each solvent exerts a specific influence 
on the absorbing power of the ions and the undissociated 
molecules. 

Jones and his students^ photographed the absorption 
spectra of a large number of salts in aqueous and alcoholic 
solutions, both alone and in the presence of certain dehydrating 
agents. From the spectrograms thus obtained, and from other 

» Ann. Phys., [4] 12, 76 (1903). 

» Ann. Chim. Phys., [7] 28, 213 (1903). 

* Gazz. chim. ital., 27, 11, 455 (1807). 

* Carnegie Institution of Washington Publication, No. 60. 
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experimental data, Jones was led to attribute the absorption 
of light by solutions to the vibration of minute particles of 
the dissolved substance, and to consider that these vibrations 
are damped by the condensation of water molecules on the 
absorbers. Dehydrating agents, rise in temperature, or in- 
crease in concentration were believed to effect a breaking down 
of these complexes, or “solvates” as he termed them, into 
simpler absorbers and thus, owing to increased resonance, 
he was able to account for observed widening of the ab- 
sorption bands. A narrowing of the absorption bands was 
found to follow the addition of water to non-aqueous solutions. 
From this he concluded that the degree of solvation in non- 
aqueous solutions is less than in aqueous solutions. The 
work of Jones seems to indicate not only that both ions 
and undissociated molecules tend to undergo solvation, but 
also that with increase in concentration, and consequent 
decrease in dissociation, the total amount of combined solvent 
at first decreases and then gradually increases. 

The absorption spectra of several copper salts, in both 
aqueous and non-aqueous solutions, have been studied by 
Cooper,^ whose results may be considered to be in agreement 
with those of Jones. 

Sidgwick and Tizard* conclude, from a series of quantita- 
tive colorimetric measurements of a number of different copper 
salts, that the point at which the solutions change in color from 
green to blue is that at which the number of complex ions 
becomes negligible. The solution then contains no molecules 

+ ++ 

other than CuA2 and the ions CuA, Cu and A. According 
to this explanation, the absorption will be due to CuA2, 

+ + + 

CuA and Cu and the change of color on dilution will be 

++ 

caused by the production of Cu at the expense of the other 
two abso rbers. 

* Astrophys. Jour., 31, 339 (1910). 

» Jour. Chem. Soc., 93, 187 (1908); 97, 967 (1910). 
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A spectrophotometric study of solutions of copper sul- 
phate up to 0.4 N by Hildebrand’ showed that the absorption 
is strictly proportional to the concentration. 

The investigations of Hantzsch* are without doubt among 
the most important in this field. His conclusions, based 
upon a large number of observations, may be summarized as 
follows : (1) Acids, bases and salts having completely saturated 
complex ions are optically unchangeable whether dissociated 
or not, no matter what the colorless anion or cation may be 
with which they are associated. (2) Acids, bases or salts 
which are unsaturated, but which may become saturated, on 
the addition of a definite number of molecules of water, 
ammonia or the like, suffer a change in their absorption until 
a fully saturated complex is formed, after which no change 
in the absorption occurs on the addition of an excess of 
the combining substance. For example, anhydrous copper 
sulphate, CUSO4, undergoes a change in color when dissolved 
in water, or ammonia, forming either Cu[(H20)4]S04, or Cu- 
[(NHs) 4]S04: on adding more water, or ammonia, no further 
change in the absorption is produced. (3) If the colored 
complex is stable only when a large excess of solvent is present, 
the absorption may change not only with increasing dilution, 
but also in passing from one solvent to another. In this case, 
Hantzsch assumes the existence of intermediate complexes, 
the changes in absorption being attributed to the corresponding 
changes in the unstable intermediate complexes. Thus, on^ 
dilution of a concentrated solution of cupric chloride, the 
solute is supposed to undergo the following changes : 

"HsO /H..O] 

)>Cu<( I Cl, 

_H20 H 2 OJ 

blue 


‘ Zeit. Elektrochemie, 14, 349 (1908). 

> Ber. deutsch. chem. Gcs., 41, 1216, 4328 (1908); Zeit. phys. Chem., 63, 
373 (1908); 72, 362 (1910). 



green greenish blue 



222 


Frederick H. Getman 


As we review the different hypotheses that have been 
advanced in explanation of the phenomena of absorption of 
light by solutions, it is apparent that in nearly all of them the 
existence of ions and molecules,' either solvated or unsolvated, 
has been assumed. It is interesting to note that as long ago 
as 1893, Wemer^ wrote these significant words: “Die erste 
Bedingung zur elektrolytischen Dissoziation eine Salzes ist 
die Fahigkeit seines Metallatoms, sich mit einer bestimmten 
Anzahl von Wassermolekiilen zu einem Radikal zu verbinden, 
in dem wir uns die Wassermolekiile so angeordnet zu denken 
haben, dass eine direkte Bindung zwischen dem Metallatom 
und dem Saurerest nicht mehr eintreten kann.” That is to 
say, in every electrolytically dissociated salt solution, the ca- 
tions are not present merely as electrically charged metallic 
atoms, but rather as atoms holding in combination as many 
molecules of the solvent as correspond to the co-ordination 
number of the metal. From this it appears that the solvate 
theorj' and the dissociation theory are to be regarded as com- 
plementary. In this connection Hantzsch (loc. cit.) has pointed 
out that the combined theories can be applied equally well to 
the explanation of the phenomena of absorption presented by 
organic compounds, and to the even more obscure phenomena 
presented by inorganic compounds. 

Notwithstanding the fact that such a large amount of 
work has been done on the spectroscopy of salt solutions, one 
fails to find in reviewing the literature sufficient reliable quanti- 
tative data with which to test the various theories which have 
been advanced in connection with the phenomena of absorp- 
tion. In the hope of contributing something to this interest- 
ing and important field, the following investigation of the ab- 
sorption of light by solutions of cupric chloride alone, and in 
the presence of several dehydrating agents, was undertaken. 

Definitions 

If I denotes the intensity of a beam of light which has 
traversed a thickness, I, of any absorbing medium, we may 

^ Zeit. anorg. Chem., 3, 296 (1893). 
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write 

-dl = kldl. ( 1 ) 

Denoting the intensity of the incident light by lo and integrat- 
ing equation ( 1 ), we have 



or loge- = - kl. (2) 

lo 

Equation ( 2 ) may be written in the exponential form, as 
follows 

I = (3) 

The constant k, which is dependent upon the wave-length 
and also upon the nature of the absorbing medium, is known 
as the absorption index. Bunsen and Roscoe^ introduced the 
term extinction coefficient to denote the thickness of the ab- 
sorbing medium which is necessary to reduce the intensity of 
the light to one-tenth of its original value. Hence, if we repre- 
sent the extinction coefficient by «, equation (3) may be written 

I = lolO-*', 

or e = - log , 07 • 

I lo 

The value of log,o(I/Io) corresponding to the extinction coeffi- 
cient, is frequently referred to as the density of the medium. 
It is often convenient to express the absorption of a solution 
in terms of the so-called molecular extinction coefficient: this 
quantity is defined by the equation M=m/t, where m denotes 
the gram-molecular concentration of the solution. 

Apparatus and Method 

A Hilger wave-length spectroscope equipped with a prism 
of dense optical glass (refr. index 1.74) and fitted with a shutter 
eye-piece, was used in conjunction with a Nutting photometer® 

» Pogg. Ann., lOX, 238 (1857). 

• Bull. U. S. Bureau of Standards, Reprint No. 155. 
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to measure the absorption of the different solutions investi- 
gated. The more concentrated solutions were examined in 
absorption tubes 10 cm. in length, while for dilute solutions 
special tubes 50 cm. in length were employed. A special 
6- volt tungsten filament lamp served as the source of light and. 
to prevent diffuse illumination, this was enclosed in a sheet- 
iron housing which was perforated with a small hole directly 
opposite to the incandescent filament. Without entering into 
the details of the construction of the Nutting photometer, 
it will be sufficient to state that the optical system of the in- 
strument is so arranged that a tri-partite field is projected 
upon the slit of the spectroscope. The outside portions of the 
field correspond to the light which has traversed the solu- 
tion, while the central portion corresponds to that which has 
traversed the pure solvent. The intensity of the central por- 
tion can be varied by rotating a Nicol prism, and the amount 
of rotation required to match the intensities of the central and 
outer portions of the field is read on a divided circle. There are 
two scales on this divided circle, one graduated in degrees and 
the other in densities: the relation of one scale to the other 
is given by the formula 

log sec- ^ = D, 

where <j> and D denote the angular and density readings, re- 
spectively. To determine the optical density of any given 
solution, the wave-length drum of the spectroscope is set at 
the particular wave-length desired and then, after matching 
the central and outside portions of the field by means of the 
Nicol prism, the density is read directly from the graduated 
circle. On multiplying the value of the density thus found by 
the reciprocal of the thickness of the absorbing medium, the 
extinction coefficient is obtained. 

The absorption of each solution was compared directly 
with that of the pure solvent, the latter having been distilled 
as in the preparation of water for measurements of electrical 
conductivity. 

The mother solutions were prepared from the purest 
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obtainable materials and were standardized analytically. 
All dilutions were made with calibrated volumetric apparatus 
and special precautions were taken to protect the solutions 
from the action of sunlight. 

Experimental Data 

The following tables (Tables I to VII) give the experi- 
mental data; the first column of each table gives the wave- 
lengths in micromillimeters (mm) at which the optical densities 
were measured, while the succeeding columns contain the 
corresponding values of the extinction coefficients. The 
figures at the head of each column give the concentrations of 
the solutions expressed in mols per liter. It was found to 
be quite difficult to secure satisfactory duplication of results 
with solutions more dilute than about 0.5 molar, and for that 
reason no data are recorded for solutions less than 0.844.3 molar. 
Tables II to VII show the effect on the absorption of an 0.8443 
M solution of cupric chloride produced by the addition of 
various dehydrating agents. 


Table I 


Cupric Chloride 
Mean Temp. 28.3° 


X 

2.2022 

€ 

2.149 

€ 

2.030 j 

€ 

1 .923 

e 

.540 

— 

— 

0.285 

0.270 

535 

0.2.57 

0.246 

0.233 

0.222 

530 

0.206 

0.199 

0.190 

0.183 

525 

0.171 

0.167 1 

0.1.56 

0.17)2 

520 

0.148 

0.140 

0.134 

0.124 

.515 

0.131 

0.126 

0.114 

0.106 

510 

0.125 

0.116 

0.106 

0.097 

505 

0.129 

0.117 

0.102 

0.092 

500 

0.140 

0.129 

0.107 

0.093 

495 

0.168 

0.1.54 

0.120 

0.101 

490 

0.280 

0.200 

0.150 

0.125 

485 

— 

— 

0.195 

0.166 

480 

— 

— 

0.270 

0.2.30 
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Tablb I {Continued) 


Cupric Chloride 
Mean Temp. 28.3° 


X 

1.519 

€ 

1 435 

€ 

1 182 

6 

0 8443 

€ 

560 

— 

— 

— 

0.260 

555 

— 

— 

— 

0.214 

550 

— 

— 

— 

0.180 

545 

— 

— 

0.210 

0.150 

540 

0.227 

0.211 


0.126 

535 

0.187 

0.172 


0.106 

530 

0.153 

0.144 

0.119 

0.087 

525 

0.130 

0.122 

0.098 

0.073 

520 

0.110 

0.102 


O.OGl 

515 

0.093 

0.084 


0.051 

510 

0.080 

0.072 

0.057 

0.043 

505 

0.072 

0.061 

0.047 

0.036 

500 

0.064 

0.054 

0.041 

0.030 

495 

0.065 

0.049 

0.036 

0.026 

490 

0.070 

0.050 

0.033 

0.023 

485 

0.083 

0.056 


0.021 

480 

0.100 

0.066 

0.033 


475 

0.127 

0.080 

0.037 

0.020 

470 

0.164 

0.100 

0.044 

0.022 

465 

— 

0.130 


0.025 

460 

— 

— 


0.029 
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Tablb II 

Cupric Chloride + Hydrochloric Acid 

Mean Temp. 26.7® 

CuCh HCl 


X 

560 

555 

550 

545 

540 

535 

530 

525 

520 

515 

510 

505 

500 

495 

490 

485 

480 

475 

470 

465 

460 

455 

450 

445 


0 8443 



0.087 

0.073 

0.061 

0.051 

0.043 

0.036 

0.030 

0.026 

0.023 

0.022 

0.020 

0.020 

0.022 

0.025 

0.029 

0.035 

0.046 




0.922 0.199 

e t 


0.250 0.267 
0.214 0.217 
0.180 0.181 
0.1.50 0.153 
0.126 0.128 
0.106 0.108 
0.087 0.087 
0.077 0.075 
0.067 0.064 
0.053 0.059 
0.048 0.050 
0.043 0.047 
0.041 0.047 
0.041 0.049 
0.044 0.056 
0.049 0.067 
0.057 0.085 
0.069 0.115 
0.087 0.153 
0.120 


1.844 2 30.’> 

f e 


0.225 0.227 

0.185 0.185 

0.156 0.159 

0.131 0.132 

0.111 0.114 

0.094 0.097 

0.081 0.086 
0.073 0.081 

0.056 0.066 
0.065 0.081 

0.066 0.089 

0.072 0.105 

0.0a3 0.130 

0.104 0.173 

0.138 

0.190 
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Table III 

Cupric Chloride + Potassium Chloride 

Mean Temp. 2G.3° 

CuCls KCl 


X 

0.8443 

£ 

0 395 

€ 

0 789 

€ 

1.578 

c 

1 973 

6 

560 

0.260 

0.200 

0.255 

0.258 

0.259 

555 

0.214 

0.214 

0.214 

0.208 

0.214 

550 

O.ISO 

0 180 

0.180 

0.176 

0.173 

545 

0.150 

0.150 

0.150 

0.146 

0.142 

540 

0.120 

0.126 

0.126 

0.122 

0.116 

535 

0.106 

0.106 

0.106 

0.104 

0.096 

530 

0.087 

0.087 

0.089 

0.088 

0.082 

525 

0.073 

0.073 

0.075 

0.072 

0.070 

520 

0.061 

0.062 

0.060 

0.062 

0.063 

515 

0.051 

0,054 

0.054 

0.054 

0.055 

510 

0.043 

0.044 

0.046 

0.048 

0.053 

505 

0.036 

0.039 

0.042 

0.045 

0.052 

500 

0.030 

0.034 

0.039 

0.044 

0.055 

495 

0.026 

0.031 

0.037 

0.047 

0.065 

490 

0.023 

0.029 

0.035 

0.053 

0.080 

485 

0.022 

0.028 

0.036 

0.064 

0.102 

480 

0.020 

0.029 

0.037 

0.080 

0.124 

475 

0.020 

o.o:^ 

0.040 

0.105 

— 

470 

0.022 

0.034 

0.048 

0^. 137 

— 

465 

0.025 

0.040 

0.060 

— 

— 

460 

0.029 

0.050 

— 


— 

455 

0.035 

0.070 

— 


— 

450 

0.046 

— 


— 

— 
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Table IV 

Cupric Chloride + Lithium Chloride 

Mean Temp. 27.2® 

CuCla LiCl 



0 844,S 

0 5M8 

1 urns 

1 6fi21» 

2 2172 

2 77 IT) 

X 

€ 

6 

€ 

6 

e 

e 

5G0 

0.200 

0.200 

—... — 

— 

.. _ 

— 

555 

0.214 

0 214 

0 219 

0.214 

0.214 

0.220 

550 

O.ISO 

0.180 

0 1S4 

0.1 s:i 

0 18:i 

0.188 

54.') 

0.150 

0.154 

0 151 

0.150 

0.1.'),) 

0.156 

540 

0 126 

0.127 

0 128 

0.126 

0 1:11 

0.1:11 

535 

0.106 

0.107 

0. 108 

0.106 

0.112 

0. 1 14 

530 

().0S7 

0.089 

0 088 

0.089 

0 000 

0 100 

525 

0.07:i 

0.075 

0.075 

0 077 

0.085 

0.090 

520 

0.061 

0.061 

0.1)04 

0.007 

0.077 

0 087 

515 

0.051 

0.051 

0.054 

0.059 

0.07:1 

0.088 

510 

o.04:i 

0.04:1 

0.047 1 

0 054 

0.07;i 

0.094 

505 

o.o;i6 

0.0:17 

0.042 

0.051 

0.078 

0.108 

500 

o.o:io 

0. 0:1:1 

0.0:19 

0.050 

0.092 

0.1:11 

495 

0.026 

0.029 

0.0:19 

0 . 055 

0.119 

0.170 

490 

0.02:1 

0.028 

0.041 

0.064 

0.150 

0.222 

485 

0.022 

0.029 

0 047 

0.084 

0.190 

— 

480 

0.020 

0.0:12 

0.060 

0.106 

— 

— 

475 

0.020 

0.0:12 

0.078 

0.140 

— 

— 

470 

0.022 

0.046 

O.IU) 

— 

— 

— 

465 

0.025 

0.058 


— 

— 

— 

460 

0.029 

0.07;i 

— 

— 

— 

— ■ 

455 

0.0:15 

0.095 

— 

— 

— 

— 
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Table V 

Cupric Chloride + Calcium Chloride 

Mean Temp. 23.9® 

CuClj CaClj 



0 8443 

0 4606 

0.9312 

1.3819 

1 8425 

2.3031 

X 

€ 

€ 

€ 

€ 

€ 

€ 

560 

0.260 

0.259 

0.258 

0.258 

0.262 

0.275 

555 

0.214 

0.215 

0.215 

0.215 

0.221 

0.228 

550 

0.180 

0.180 

0.180 

0.180 

0.186 

0.196 

545 

0.150 

0.150 

0.150 

0.150 

0.156 

0.169 

540 

0.126 

0.126 

0.126 

0.128 

0.130 

0.154 

535 

0.106 

0.106 

0.106 

0.108 

0.114 

0.145 

530 

0.087 

0.087 

0.087 

0.093 

0.103 

0.140 

525 

0.073 

0.073 

0.073 

0.081 

0.098 

0.1.50 

520 

0.061 

0.061 

0.061 

0.074 

0.099 

0.169 

515 

0.051 

0.052 

0.054 

0.070 

0.106 

0.200 

510 

0.043 

0.043 

0.050 

0.071 

0.120 

0.260 

505 

0.036 

0.038 

0.047 

0.077 

0.148 

— 

500 

0.030 

0.033 

0.047 

0.087 

0.190 

— 

495 

0.026 

0.031 

0.050 

0.104 

0.236 

— 

490 

0.023 

0.031 

0.057 

0.135 

— 

— 

485 

0.022 

0.034 

0.070 

0.195 

— 

— 

480 

0.020 

0.039 

0.090 

— 

— 

— 

475 

0.020 

0.047 

0.120 

— 

— 

— 

470 

0.022 

0.059 

0.165 

— 

— 

— 

465 

0.025 

0.073 

— 

— 

— 

— 

460 

0.029 

0.089 

— 

1 

— 

— 

455 

0,035 

0.130 

— 

— 

— 

— 
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Tablb VI 

Cupric Chloride + Aluminium Chloride 

Mean Temp. 25.2® 

CuClj AlCl, 



0 8443 

0.2382 

0 4763 

0.7143 

0 9526 

0 1908 

X 

e 

€ 

6 

€ 

€ 

€ 

555 

0.214 

0.214 

0.218 

0.214 

0.218 

0.217 

550 

0.180 

O.ISO 

0.183 

0.183 

0.18,3 

0.184 

545 

0.1.50 

0.150 

0.153 

0.153 

0.1.56 

0.15(5 

540 

0,120 

0.12(5 

0 129 

0.130 

0.131 

0.13(5 

5:i5 

0.10(5 

0.10() 

0 109 

0.110 

0.112 

0.118 

530 

0.0<S7 

0.087 

0.092 

0.093 

0.098 

0.105 

525 

0.073 

0 073 

0 07(5 

0.079 

0.088 

0.098 

520 

0.001 

0 062 

0. ()()() 

0.070 

0.084 

0.102 

515 

0.051 

0.052 

0.058 

0.005 

0.083 

0.110 

510 

0.043 

0.045 

0.052 

0.0(52 

0.08(5 

0.122 

505 

0.()3() 

0.039 

0.048 

().()(>3 

0.095 

0 140 

500 

0.030 

0.035 

0.04(5 

0.0(58 

0.113 

0.180 

495 

0.02(5 

0.032 

0.048 

0.077 

0.145 

0.235 

490 

0.023 

0 030 

0.053 

0.095 

0.200 

— 

485 

0.022 

0.030 

0.0(51 

0.130 

- - 

— 

480 

0.020 

0.032 

0 074 

0.1(50 

— 

— 

475 

0.020 

0.035 

0.097 

— 

— 

— 

470 

0.022 

0.041 

0.128 

— 

— 

— 

405 

0.025 

0.050 

— 

— 

— 

— 

460 

0.029 

0.0(53 



— 


— 

455 

0.035 

0.085 

— 

— 

— 

— 

450 

0.04G 

0.122 

— 

— 

— 

— 
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Table VII 

Cupric Chloride + Zinc Chloride 
Mean Temp. 27.7° 

CuCU ZnCls 



0.8443 

1.251 

2.085 


6 

€ 

6 

560 

0.260 

0.263 

0.26.3 

555 

0.214 

0.227 

0.226 

550 

0.180 

0.191 

0.191 

545 

0.150 

0.163 

0,163 

540 

0.126 

OAim 

0.137 

535 

0.106 

0.113 

0.115 

530 

0.087 

0.095 

0.097 

.525 

0.073 

0.079 

0.0.82 

520 

0.061 

0.067 

0.070 

515 

0.0.51 

0.0.57 

0.060 

510 

0.043 

0.048 

0.051 

505 

0.036 

0.042 

0.044 

500 

0.0.30 

0.0.37 

0.0.39 

495 

0.026 

0.033 

0.0.35 

490 

0.023 

0.031 

0.033 

485 

0.022 

0.031 

0.0.36 

480 

0.020 

0.036 

0.040 

475 

0.020 

0.042 

0.047 

470 

0.022 

0.0.50 

0.055 

465 

0.025 

0.063 

0.069 

460 

0.029 

0.079 

0.090 

455 

0.(K1.5 

0.106 

0.125 


n fUR 






Discussion of Results 

In a discussion of the foregoing experimental results, 
it is essential that we ascertain whether in solutions of cupric 
chloride absorption is proportional to concentration and, 
furthermore, whether any simple relation exists between ab- 
sorption and dissociation. 

The generalization connecting absorption and concen- 
tration, commonly known as Beer’s law,* may be stated as 
follows: Any change in the thickness of an absorbing layer 
of a solution exerts the same influence on its absorbing power 


Pogg. Ann,, 86, 78 (1862). 
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as a corresponding change in concentration. Therefore, if 
c denotes the concentration, equation (3) may be written 

I = V-H- (6) 

the product, cl, of course being constant. Hence, for an 
ideal solution, it follows that the ratio of the concentration 
to the extinction coefficient should be a constant. On the 
other hand, for solutions of electrolytes in which the ions and 
the molecules do not possess the same absorbing power, it 
has been pointed out by Riidorf ' that the ratio should vary in 
the following manner: (1) If absorption is due solely to ions, 
the ratio should decrease with decreasing concentration ; 
(2) if absorption is due entirely to undissociated molecules, 
the ratio should increase with decreasing concentration. 
Therefore, in order to test the validity of Beer’s law in the case 
of solutions of cupric chloride, the values of the extinction 
coefficient for four different wave-lengths have been calcu- 
lated from the data of Table I. The results of this calculation 
are given in Table VIII, where it will be seen that the values 
of M depart more and more from constancy as the shorter 
wave-lengths are approached. 


Table VIII 


Cone. 

X = 535 

M 

II 

i 

X = 490 

M 

2.2(522 

S.S02 

18.10 

16 16 

8.07S 

2.149 

s.7:i() 

IS. 53 

10.0(5 

10 745 

2.03(5 

8.738 

19.21 

19.03 

13.57 

1.923 

8. (5,57 

19.S.3 

20.(58 

15.38 

1..519 

8.123 

18.99 

23.73 

21 70 

1 .435 

7.797 

19.93 

20 . .57 

28.6)9 

1.182 

8.145 

20.72 

1 28.80 

35.79 

0.8443 

7.905 

19.64 

1 28.14 

36.71 


From this we conclude that, in the case of cupric chloride. 
Beer’s law is only applicable in the region of the longer wave- 
lengths, and that in that region, both ions and molecules must 
possess nearly equal absorbing powers. 


> Jahrb. Elektronik, 3, 423 (1907). 
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As has already been mentioned, both Muller and Vaillant 
(loc. cit.) made a series of careful spectrophotometric measure- 
ments of a number of different copper salts with a view to 
determining whether any simple relation exists between the 
absorption and dissociation of their solutions. On the assump- 
tion that Beer’s law holds for ions as well as for molecules, 
we may express the absorption of any salt solution as the sum 
of the absorptions of the molecules of the solute and its prod- 
ucts of dissociation. Thus, if a solution of a binary salt, 
the percentage dissociation of which is a, be placed in a tube 
of length 1, we may express the absorptions of the different 
constituents, for any particular wave-length by the following 
equations — 

= (7) 

l2 = IoC-*^“', (8) 

= (9) 

where c is the equivalent concentration, and where o, h, and 
b' are the absorption coefficients of the molecule and its two 
ions, respectively. Since all three species are present together, 

we may write i = (10) 

For the chlorine ion &' = 0, hence on simplifying, we have 

(Jl) 

where m = a—{a — b)a. (12) 

But m can be calculated from equation (11), since both c and I 
are known and the ratio I/Io can be determined with the spec- 
trophotometer. From the value of m thus obtained, the con- 
stants a and b in equation (12) can be evaluated, and therefore 
the values of m at different concentrations, as calculated by 
means of equations (11) and (12) for any given wave-length, can 
be compared. The results thus obtained by Vaillant with 
solutions of cupric chloride for \ = 640, are given in Table 
IX. 
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Table IX 

0=2. 08 6 = 1.31 


Cone. 

a 

m(obs.) 

m(calc.) 

0.0103 

0.91 

1.38 

1.38 

0.0197 

0.89 

1.44 

1.40 

0.103 

0.72 

1.40 

1.53 

0.197 

0.67 

1.57 

1.57 

0.675 

0.18 

1.72 

1.72 

0.820 

0.46 

1.70 

1.73 

4 

0.24 

1 .92 

1.90 

6 

0.14 

2.77 

1.98 

8 

1 0 09 

3.08 

2.01 


It would appear, from the agreement of the two sets of values, 
that a linear relation exists between m and a, at least in the 
more dilute solutions, and from this we might infer that the 
absorption follows Beer’s law. When, however, we attempt 
to apply this relation for wave-lengths in the vicinity of the 
minimum in the absorption curves it ceases to hold, even in 
the most dilute solutions. Thus, the existence of a simple linear 
relation between absorption and dissociation is found to be 
more apparent than real, and the agreement between the 
values of m, as calculated by means of equations (11) and 
(12), is probably fortuitous. 

It will be seen from Fig. 1, that with increasing concen- 
tration there is a marked displacement of the absorption 
minima toward the red end of the spectrum. Since the wave- 
length corresponding to the minimum in the absorption curve 
of any particular solution determines its predominant color, 
it follows that the change in the absorption of solutions of 
cupric chloride resulting from change in concentration can 
be measured by the corresponding displacement in the ab- 
sorption minima. The following different hypotheses have 
been advanced in explanation of the displacement of the ab- 
sorption minimum, or predominating color, of solutions of 
cupric chloride resulting from change in concentration. 

(j) Dissociation Hypothesis . — According to Ostwald,’ the 

* Lehrbuch der allgemeinen Chemie, 1, 799. 
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blue color of very dilute solutions of cupric chloride is due to 
the presence of Cu'^'*' ions, whereas the color of the more con- 
centrated solutions is due to the presence of both ions and 
undissociated molecules, the yellow color of the latter together 
with the blue color of the former causing the solution to appear 
green. This seemingly satisfactory and simple hypothesis 
is open to several objections, among which may be mentioned 
its failure to account for the presence of complex anions con- 
taining copper which subsequent investigations have proved 
to be present in concentrated solutions. 



(2) Hydrolysis Hypothesis . — The change from blue to green, 
in solutions of cupric chloride, has been attributed by Engel* 
to the development of hydrochloric acid due to the hydrol- 
ysis of the salt, with the resultant formation of double salts hav- 
ing the formulas, CUCI2.HCI-I-3H2O and CUCI2.2HCI-I-5H2O. 
These salts, or chloro-acids,as Werner terms them, have actually 
been isolated by Engel.* While Engel’s hypothesis is undoubt- 

> Bull. Soc. chini., (3) 6 , 239 (1891). 

* Comptes rendus, 106 , 273 (1888); 107 , 178 (1888). 
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edly erroneous, it deserves to be mentioned because of its 
possible bearing upon the change in color produced by the 
addition of colorless chlorides to solutions of cupric chloride.^ 

(3) Hydrate Hypothesis . — The change in color of a dilute 
aqueous solution of cupric chloride which results from increase 
in either concentration or temperature, or from the addition 
of various dehydrating agents, has led to the view that the 
blue solutions contain a definite hydrate of cupric chloride, 
while the green solutions contain either the anhydrous salt 
or a lower hydrate. Much experimental evidence has been 
advanced by Hartley^ and others in support of this hypothesis, 
especially in connection with similar phenomena observed in 
solutions of salts of cobalt. While the hypothesis serves to 
explain many of the experimentally observed facts, it lacks 
completeness. 

{4) .Solvate Hypothesis.- Closely related to the fore- 
going, is the so-called solvate hypothesis of which the late 
H. C. Jones was the protagonist. According to this hypothesis 
there exists in a solution a series of hydrates, or solvates, the 
composition of which is conditioned primarily by the law of 
mass action. Although there is a large amount of experimental 
evidence which points to the existence in solution of complexes 
involving both solute and solvent, it is extremely doubtful 
whether as many molecules of solvent are actually associated 
with a single molecule of dissolved substance as Jones’ cal- 
culations indicate. 

(5) Complex Ion Hypothesis. — This hypothesis was ad- 
vanced by Donnan and Bas.sett (loc. cit.) to account for the 
changes of color observed in solutions of the chlorides of 
copper, cobalt and iron. When a concentrated solution 
of cupric chloride was placed in the bend of a U-tube and the 
two arms were filled with a dilute solution of some colorless 

' See LeChatelier; Bull. Soc. chim., (3) 6, 3, 84. 2011 (1891). 

2 Trans. Roy. vSoc., Dublin, (2) 1,2.')3 (19{X)): Wyrouboff. Bull. Soc. chim., 
(3) 5 , 400 (1891); Potilitziu: Ber. deutsch, chem. Ges . 17 , 276 (1884); Charpy: 
Comptes rendus, 113 , 794 (1891); Etard; Comptes rendus, 113 , 699 (1891); 
120 , 1057 (1895). 
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salt, such as potassium chloride, Donnan and Bassett found, 
on passing an electric current through the solutions, that the 
green layer migrated toward the anode. In this way, as well 
as by means of other lines of experimentation, they proved 
beyond a doubt that complex anions containing copper are 
present in concentrated solutions of cupric chloride. Similar 
results were obtained at about the same time by Kohlschiitter,* 
in a series of determinations of the transference number of 
copper in solutions of cupric chloride. In attempting to 
formulate their views as to complex ions and undissociated 
molecules, Donnan and Bassett sought to emphasize the prob- 
ability of a relationship between the degree of dissociation 
and the degree of hydration, as had been suggested ten years 
earlier by Werner (loc. cit.). Their hypothesis may be briefly 
summarized by the following scheme: 


(Cu.4H20)++ 

blue 


(Cu ago) (Cu 2 S) 

(Cu go) (CU.4C1) = . 

yellow 


It will be seen that the hypothesis advanced by Hantzsch 
(loc. cit.), an outline of which has already been given in the 
introduction to this paper, may be looked upon as a modifi- 
cation of the complex ion hypothesis. This hypothesis has 
been adversely criticized by Lewis^ and also by Jones. ^ Lewis 
bases his criticism largely upon the experimentally established 
fact that the change in color, resulting from the addition of 
calcium chloride to a solution of cobalt chloride, is conditioned 
almost wholly by the active mass of the water, whereas, ac- 
cording to the complex ion hypothesis, the change should be 
solely dependent upon the chlorine ion concentration. Jones’ 
criticisms of the hypothesis may be summarized as follows: 
(a) Rise in temperature has been shown by experiment to 
produce the same qualitative effect upon absorption as in- 


* Ber. deutsch. chem. Gcs., 37, 1153 (1904). 
2 Zeit. phys. Chem., 56, 223 (1906). 

* Carnegie Institution Monograph, No. 110. 
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crease in concentration, whereas, according to the views ad- 
vanced by Donnan and Bassett, rise of temperature and in- 
crease in concentration should produce opposite effects; (fe) 
experiment shows that absorption bands widen with increase 
in temperature, whereas, if complex ions are present they would 
break down with rise in temperature and a narrowing of the 
bands should result; (c) it is difficult to explain, on the hy- 
pothesis of Donnan and Bassett, the change in the absorption 
spectrum which results when the same substance is dissolved 
in different solvents. 

Notwithstanding these criticisms, the complex ion hypoth- 
esis appears to the author to offer the most satisfactory ex- 
planation of the available experimental data. 

The importance of the results of spectroscopic investi- 
gation of the metalammines in connection with the complex 
ion hypothesis of absorption appears to have been overlooked. 
In reviewing the work of Miss French,^ and others, we find 
that when water is substituted by chlorine in the complex 
cations of the tetrammino- and pentammino-chromium salts, 
the absorption minima are displaced toward the red end of 
the spectrum or, in other words, chlorine is found to exert a 
bathochromic influence on absorption. This bathochromic 
influence of chlorine offers a very satisfactory explanation of 
the change from blue to green in a solution of cupric chloride 
with increase in concentration, provided we accept the view 
that absorption in dilute solutions is due to complex hydrated 
copper ions, and that absorption in concentrated solutions 
is due to similar ions in which water has been replaced by 
chlorine. Furthermore, the absorption spectra of a series 
of aquoammino-chromium chlorides show that, as the number 
of water groups is replaced by ammonia groups, the absorption 
is displaced toward the ultra-violet. In this case, ammonia 
exerts a h)7psochromic influence. As is well known, when a 
solution of cupric chloride is treated with ammonia, the color 
of the solution changes to a deep, azure blue, owing to the 


' ‘'Absorption Spectra of Certain Chromium Salts.” Diss. Ziirich. 
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formation of tetrammine cupric chloride, Cu(NHs)4Cl2. Here 
again, the replacement of water by ammonia causes a displace- 
ment of the absorption toward the ultra-violet. It may be 
inferred then, that ammonia and chlorine produce opposite 
effects when replacing water groups in complex ions; in fact, 
if a chlorine atom and an ammonia molecule are simultaneously 
introduced into the same complex ion, each replacing a molecule 
of water, the absorption is found to remain practically un- 
changed. All of the available experimental evidence, there- 
fore, appears to justify the following generalization: Sub- 
stitution of a cldorine atom for a water molecule in a complex 
ion, displaces the absorption minimum toward the red end of the 
spectrum, whereas substitution of an ammonia molecule for a 
water molecule in a complex ion, displaces the absorption minimum 
toward the violet end of the spectrum. 

Jones (loc. cit.) determined qualitatively the effect of 
the chlorides of calcium and aluminium upon the absorption 
spectra of several colored, metallic chlorides, and Vaillant 
(loc. cit.) made a spectrophotometric study of the same effect 
over a limited range of wave-lengths. The results of these 
investigations show that a marked displacement in the ab- 
sorption bands occurs, and that the direction of the dis- 
placement is the same as that produced by increasing 
either the temperature or the concentration of the solution 
of the colored salt. The cause of the displacement was be- 
lieved to be the removal of water from the solvates by the 
added chlorides, each of which is known to possess marked 
dehydrating properties. The conclusions drawn from these 
experiments have been criticized on the ground that the dis- 
sociation of the colored salt is depressed by the addition of 
a salt having a common ion. These criticisms cease to have 
weight, however, if we accept the validity of the generali- 
zation advanced by Hantzsch, that absorption is independent 
of the degree of dissociation. In order to determine quantita- 
tively the effect on the absorption of cupric chloride of added 
electrolytes having a common ion, we have determined the 
extinction coefficients of a series of binary mixtures in each 
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of which the concentration of the copper salt was kept 
constant, while the concentration of the added chlorides was 
progressively increased. The concentration of the cupric 
chloride was so chosen that while the color of the solu- 
tion was distinctly blue, its strength was sufficient to insure 
sharp readings on the spectrophotometer. The method 
of making up the mixed solutions was as follows : A 
definite volume of the mother solution of cupric chloride 
was measured out by means of a burette into a measuring 
flask of known capacity; a definite volume of the mother 
solution of the colorless salt was then measured out by means 



of a second burette into the same flask, and the combined 
solutions made up to the mark by the addition of water. In 
any series of solutions of the same two salts, the mass of the 
cupric chloride and the total volume of the solution were kept 
constant. The concentration of the mother .solution of cupric 
chloride was 1.6880 M, and in each case the measuring 
flask was half-filled with the solution, thus making the solu- 
tion to which the colorless chlorides were added 0.8443 M. 
The effect of the addition of the different chlorides to 0.8443 
M cupric chloride is shown by the data of Tables II to 
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VII, and also by the airves of Figs. 2 to 7. It will be seen that 
in every case there is a marked displacement of the absorption 
minima toward the red end of the spectrum. This, of course, 
is the direction we should expect the displacement to take 
if water is removed from the absorbing complexes that have 
been assumed to be present in the solutions. It is of further 
interest to note that, although the displacement produced by 
zinc chloride is relatively small, the direction of displacement 
is similar to that produced by the other chlorides. According 
to Donnan, zinc chloride causes the color of a solution of 



cupric chloride to become either green or blue, depending upon 
the amount added. The difference in behavior between 
calcium chloride and zinc chloride in this respect is attributed 
by Donnan to the formation of double salts as suggested by 
Engels (loc. cit.). Thus, because of the tendency of zinc to 
enter complex negative groups, a double chloride, Cu(ZnCl 4 ), 
which is blue in color, is assumed to be formed, whereas, 
calcium having an opposite tendency is assumed to form a 
green-colored double chloride, Ca(CuCU). 

If the wave-lengths corresponding to the minima in the 
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foregoing absorption curves are plotted as abscissas against 
the corresponding concentrations as ordinates, we obtain the 
curves shown in Fig. 8. These curves serve to bring out the 
relative influence of the different chlorides in displacing the 
absorption minimum of 0.8443 M cupric chloride. For 
example, the displacements, expressed in units of wave-length, 
produced by molar solutions of the six different chlorides 
studied are as follows; ZnCb, Omm, KCl, 17.5mm. LiCl, 18mm. 
HCl, 21.5mm> CaCl-i, 27.5mm and AICI3, 41.5mm* It is 



important to note that potassium chloride, which possesses 
little or no dehydrating power, displaces the absorption mini- 
mum to a greater extent than zinc chloride, and nearly as 
much as lithium chloride, a salt having marked affinity for 
water. This somewhat anomalous behavior of potassium 
chloride, raises a doubt as to whether the power of certain 
chlorides to displace the absorption minimum of cupric chloride 
bears any relation to the tendency of these chlorides to com- 
bine with water. 
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In reviewing the foregoing experimental evidence, the 
following facts appear to be thoroughly established: 

(1) Complex anions containing copper exist in concen- 
trated solutions of cupric chloride. 

(2) The substitution of a chlorine atom for a water mole- 
cule in any complex ion, displaces the absorption toward the 
red end of the spectrum. 

(3) Increase in concentration, rise in temperature or 
the addition of solutions of colorless chlorides, cause a dis- 
placement of the absorption minimum of cupric chloride 
toward the red end of the spectrum. 

Of the various hypotheses which have been advanced in 
explanation of the change in color of cupric chloride solutions, 
that involving the assumption of complex ions seems to be in 
closest accord with all of the facts, ^'hus, in extremely dilute 
solutions, we may consider dissociation as taking place in the 
following manner; 


CuCh + 4 H 2 O— > 



+ 4 

-1- 2 Cl. 


On the other hand, in very concentrated solutions, the process 
of dissociation and complex formation may be formulated as 
follows ; 


2 CuCl 2 -f 4H2O— > 



blue 


yellow 


green 

In solutions of intermediate concentrations, other ions may 
exist in which the water groups of the fully hydrated copper 
ion are partially replaced by chlorine atoms. Not only is 
this hypothesis in agreement with the experimental facts, 
but also it is in accord with the law of mass action. As for 
Jones’ criticisms of similar views advanced by Donnan and 
Bassett, it may be remarked that while complex ions probably 
break down with increase in temperature, it does not necessarily 
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follow that the absorption bands should become narrower. 
Furthermore, it is known that non-aqueous solutions of cupric 
chloride, although differing as to their absorption spectra, 
behave in other respects quite similarly to aqueous solutions. 
This fact would seem to meet the further criticism of the com- 
plex ion hypothesis, that the presence of complex ions renders 
it difficult to accoQnt for changes in the absorption spectrum 
occurring with change in solvent. For example, when cupric 
chloride is crystallized from its solution in pyridine, it separates 
as a blue salt having the formula,^ CuCb . 2 CfiH 5 N, which will 
be seen to be the analogue of the salt CUCI 2 . 2 H 2 O, obtained 
from aqueous solution. It is more than probable, therefore, 
that complex ions containing pyridine exist in pyridine solu- 
tions which are entirely analogous to the hydrated ions occur- 
ring in aqueous solutions. In fact, if we accept Werner’s view 
of the interdependence of dissociation and solvation, we must 
regard all cations in dilute salt solutions as consisting of metallic 
atoms combined with as many molecules of the solvent as 
correspond to the co-ordination number of the metal. 

Summary 

The results of the foregoing investigation may be briefly 
summarized as follows; 

(1) The extinction coefficients of a series of solutions of 
cupric chloride have been determined over that portion of the 
visible spectrum which is included between 4()0 mm and 5G0 m/«. 

(2) The extinction coefficients of a series of binary mix- 
tures of cupric chloride with six different colorless chlorides 
have also been determined over the same region of the spec- 
trum; in each case the concentration of the copper salt was 
kept constant while the concentration of the added chloride 
was progressively increased. 

(3) It has been shown that, in solutions of cupric chloride,. 
Beer’s law holds only in the region of the longer wave-lengths, 
and that in this region both ions and undissociated molecules- 
may be assumed to possess nearly equal absorbing powers. 

^ Ber. deutsch. chem. Ges., 21, 1578 (1888). 
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(4) No apparent relation has been found to exist between 
absorption and dissociation; in fact, no satisfactory inter- 
pretation of the mechanism of the absorption of light by elec- 
trol3rtes seems to be possible, unless we adopt the view held by 
Hantzsch, that absorption is independent of dissociation. 

(5) The absorption of light by solutions of cupric chloride 
has been attributed to the presence of complex ions, the com- 
position of which is conditioned primarily by the concentra- 
tion of the solution. In extremely dilute solutions, absorption 
is assumed to be due to the presence of copper atoms holding 
in combination as many molecules of solvent as correspond 
to the co-ordination number of the metal, which, in this case, 
is four. In extremely concentrated solutions, complex anions 
containing copper have been shown to be present, and to these 
the hypothetical formiila, CuCh, has been assigned. Other 
complex ions, in which, one, two or three of the water molecules 
of the tetrahydrated copper ion have been replaced by chlorine 
atoms, are assumed to be present in solutions of intermediate 
concentrations. 

(6) A study of the absorption spectra of the metalam- 
mines, has revealed the fact that substitution of a chlorine 
atom for a water molecule in a complex ion causes a dis- 
placement of the minimum in the absorption curve toward 
the red end of the spectrum. 

(7) Increase in concentration, or the addition of colorless 
chlorides, has been shown to displace the absorption minimum 
of 0.8443 M cupric chloride toward the red end of the spectrum. 

(8) The cause of the observed displacement of the ab- 
sorption minimum in solutions of cupric chloride is believed 
to be the same as that in the case of the metalammines, viz., 
the successive replacement of water molecules by chlorine 
atoms in complex ions. 

In conclusion, it is a pleasure to record my appreciation 
of the assistance rendered by Mr. Kenneth Tate, especially 
in connection with the spectrophotometric measmements. 

Stamford, Conn. 

Sept. 22, 1021 



THE MECHANISM OF THE DEHYDRATION OF CRYS- 
TALLINE ALUMINUM HYDROXIDE AND OF THE 
ADSORPTION OF WATER BY THE RESULTING 

ALUMINA^ 

BY LOWELI, H. MILLIGAN 

1. Introduction 

Ramsay- investigated the rate at which amorphous, 
ammonia-precipitated aluminum hydroxide loses water when 
heated to different temperatures, and concluded that under 
these conditions, either there are no definite hydrates, or a 
very large number exist, the vapor tensions of which arc 
only slightly different from each other. Carnelley and Walker* 
worked with similarly prepared material and confirmed Ram- 
say’s conclusions. J. M. van Bemmelen"* investigated both 
the colloidal aluminum hydroxide and the crystalline deposit 
prepared from sodium aluminate solution. For the colloidal 
material he concluded that between 15° and 300° C the rate 
of water loss is uniform and hence no definite hydrates are 
formed. After drying at 300° C the remaining material had 
approximately the composition AI 2 OS.H 2 O. However, the 
precipitate from an alkaline aluminate solution was found to 
be a true hydrate, a definitely micro-crystalline, chemical 
compound, AI 2 O 8 . 3 H 2 O. It remained practically unchanged 
in a stream of dry air at 160° C, but at higher temperatures 
it was decomposed. The results obtained by E. Martin^ were 
very similar to those of the previous investigators and clearly 
indicated the difference between the amorphous, ammonia- 
precipitated, hydrated alumina, and the crystalline aluminum 
hydroxide prepared by the Bayer process. 

* Contribution from the Research Bureau of the Aluminum Coiroany 
of America, New Kensington, Pa. 

» Jour. Chem. Soc., 32, 395 (1877). 

» Ibid., S3, 69 (1888). 

* Rec. Trav. chim. Pays-Bas, 7, 75 (1888). 

' Mon. Sci., (6) 5, 226 (1915) ; through Chemical Abstracts, 10, 571 (191b) 
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Alumina prepared by the ignition of hydrated aluminum 
oxide at low temperature, has been used as a desiccating agent, 
and its relative value compared with other common desiccants 
has been studied by various authors.* 

Hydrated ferric oxides, which are in many respects similar 
to the corresponding aluminum compounds, have recently 
been investigated by Posnjak and Merwin.® The conclusions 
which they drew were based chiefly on dehydration curves 
obtained for the original material and also for the dried or 
partially dried product which had been allowed to readsorb 
water, each point on the curves representing the amount of 
water contained by the sample when dried to constant weight 
at a given temperature. 

In the work described in the present paper this method 
was applied to the study of the mechanism of the dehydration 
of crystalline aluminum hydroxide, and of the adsorption of 
water by the resulting alumina; and the results have been 
plotted as equilibrium drying curves, between 20° and 275° C. 

2. Experiments 

The aluminum hydroxide used was prepared by the Bayer 
process, was washed thoroughly and dried. It consisted of 
white granular particles which would pass through a 100 mesh 
screen, the particles themselves being microscopic aggregates 
of anisotropic crystals. It had the following analysis: 


Al(OH)., 

99.82% 

Ke 203 

0.09 

Si02 

. . .. 0.04 

NaiO 

0.05 

TiOa 

none. 


A portion of this was heated in an electric muffle for 
30 minutes at 810° C and then cooled in a desiccator over 
concentrated sulfuric acid, and marked alumina “A.” A 

* F. M. G. Johnson: Jour. Ain. Chem. Soc., 34 , 911 (1912); Harden and 
Elliott: Jour. Ind. Eng. Chem., 7,320 (1915); Dover and Harden: Join. Am. 
Chem. Soc., 39 , 1609 (1917). 

* Am. Jour. Sci., (4) 47, 311 (1919). 
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portion, heated for 1 hour at 985° C and similarly cooled, 
was marked alumina “B.” A few experiments were made 
in order to show in a preliminary way that the water content 
of the alumina will come to equilibrium with the water vapor 
in the air at a given temperature. Check samples of alumina 
“A” were taken directly after the original ignition, and placed 
in an oven at 106° C, where they were allowed to come to 
practically constant weight. Under these conditions water 
was adsorbed, even though the temperature was above 100° 
C. The water in the samples was then determined by ignition. 
Check samples of alumina “A” in a thin layer were exposed 
to 50 percent saturated air at room temperature for two hours ; 
and folio-wing this treatment, they were dried to constant 
weight at 106° C and determinations made of the water which 
was thus driven off and of the water still remaining. Two 
other samples were wet with water and then dried to constant 
weight at 106° C, and their water content determined after 
this treatment. The results are given in Table I. 


Table 1 

The Adsorption of Water by Alumina "A” 


Procedure 

H 2 () driven off 
at 106° C (%) 

H 2 O retained 
atl()6°C(%) 

Alumina held at 10()° C inimedi- 

0.00 

2.22* 

ately after ignition. 

0.00 

2.39* 

Alumina exposed to 50% saturated 

4.30 

2.(3() 

air and then dried at 100° C. 

4.43 

2.01 

Alumina wet with water and then 

not determined 

2.92 

dried at 100° C. 

not determined 

2.89 


These results show that alumina tends to come to equi- 
librium -with water vapor at a given temperature, and that 
the point of equilibrium is roughly independent of the direction 
from which it is approached, whether it be reached by allowing 
the dry alumina to adsorb water at a given temperature, or 
by wetting the alumina and then drying it at that temperature. 
The fact that the adjustment at or near the equilibrium point 

* This represents water adsorbed by the sample at 106 ® C, 
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is very slow helps to account for the fact that these results 
are not identical. 

The drying curves for the crystalline aluminum hydroxide 
and for the alumina prepared from it, were made by placing 
about 2-gram samples in weighing bottles, V**’ diameter 1.5*' 
high, and allowing the water content of these to come prac- 
tically to equilibrium with a slowly moving current of air of 
constant moisture content, at a given temperature. These 
were weighed at intervals after stoppering and cooling them 
in a desiccator, in order to determine the point of equilibrium. 
At the lower temperatures, the humidity of the air which was 
passed over the samples was controlled. The open weighing 
bottles were placed in a covered aluminum pan, which in 
turn was placed inside a Freas oven, the temperature of which 
could be maintained constant within at least 2° C. Through 
the pan was circulated a current of air brought to a known 
humidity outside the oven and heated to oven temperature 
by passing it through a small aluminum coil just before it 
was conveyed to the pan containing the samples. The temper- 
ature inside the pan was measured by a thermocouple inserted 
in an aluminum well in the pan lid. The humidity adjust- 
ments were obtained by passing the slow current of air through 
bottles containing either water, or 56% sulfuric acid (which 
gives 25% saturated air at room temperature), maintained 
at constant temperature. When air containing 51 mg of 
water vapor per liter (air saturated at 40° C), was used, the 
inlet tube between the saturator and the oven was electrically 
heated with nichrome wire to prevent condensation in it. 
At temperatures above 196 ° C the samples were placed directly 
in the oven and no attempt was made to control the humidity 
of the air. All the experiments were made at approximately 
atmospheric pressure. 

Duplicate samples were run in each case. After the 
samples had been teought to equilibrium at 275° C, they 
were exposed for 54 hours in 50% saturated air at room temper- 
ature. This procedure served to "rehydrate” them, after which 
they were again brought to equilibrium at various temperatures. 
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Finally the samples were brushed as completely as possible 
into weighed, covered, platinum crucibles and ignited at 
about 1100'" C to constant weight. The weight of the ignited 
alumina (when corrected for the amount which stuck in the 
weighing bottle and could not be removed — about 1 mg) 
was used in the case of the alumina samples as the basis for 



Fig. 1 

Equilibrium Drying Curves in Air containing about 5 Milligrams of Water Vapor 

per Liter. 

(A) . Crystalline Aluminum Hydroxide. 

(B) . Crystalline Aluminum Hydroxide after drying at 270° C followed 
by Rchydration. 

(C) . Alumina “A” (ignited at 810° C for 30 minutes). 

(D) . Alumina “A” after drying at 270° C followed by Rchydration. 

(E) . Alumina "'B" (ignited at 985° C for 1 hour); and Alumina “B” 
after drying at 275° C followed by Rehydration. 

the calculation of the final results. The hydrate samples, 
however, contained sufficient water even at the final drying 
temperature, to cause them to boil up when they were ignited, 
and consequently a small quantity of these samples was lost. 
Accordingly the theoretical figure of 34.60% water in Al(OH)3 
was used for the calculations in these cases. 
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The elfect which a variable amount of water vapor in 
the air had on the point of equilibrium at constant temper- 
ature is best shown by the results at 100° C for alumina “A,” 
which are given in Table II. 

Table II 

Change in the Water Content of Alumina “A” at 100° C with 
Various Amounts of Water Vapor in the Air 


Water vapor per liter of 
air (mg) 

Water content of alumina at 
equilibrium (%) 

3 

2.69 

17 

2.72 

51 

2.92* 



Fig. 2 

Curves showing the Experimental Rate of Drying of Crystalline Aluminun» 
Hydroxide in Air containing about 5 Milligrams of Water Vapor per Liter. 

(A) . Temperature elevated from 145“ C and maintained at 157“ C. 

(B) . Temperature elevated from 178“ C and maintained at 196° C. 

• When the alumina was again brought to equilibrium in air containing- 
17 mg of HjO per liter, the water content dropped back to its former value. 
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The complete drying curves for the crystalline aluminum 
hydroxide and for the alumina samples (both before and 
after “rehydration”) in air containing about 5 mg of water 
vapor per liter, are given in Fig. 1 . Absolute equilibrium was 
not necessarily reached at each temperature, but the experi- 
ments were continued until the weight was approximately 
constant, and the curves of Fig. 2 will give an idea of the rate 
at which the drying of the hydroxide took place and the dura- 
tion of the experiments at two given temperatures. As would 
be expected, the alumina reached equilibrium much more 
rapidly than did the hydroxide. 

3. Conclusions 

1. Crystalline aluminum hydroxide in air at ordinary 
atmospheric pressure and humidity, is not affected by temper- 
atures below 145° C. and remains constant in composition 
as the trihydrate, Al(OH).i, up to this temperature. The 
decomposition and evolution of water starts just above 145° 
C, and as far as the evolution of the chemically combined 
water of the trihydrate is concerned, is practically complete 
at 200° C. (It is not known whether the slight irregularities 
in the drying curve between 145° C and 111()° C have any 
particular significance, but it is thought that they are due to 
the very slow rate at which equilibrium is reached at these 
particular temperatures, and to the resultant experimental 
errors.) All the water is not driven off at 200° C, but an 
amount equal to about S% of the original Al(OH).s is retained 
at this temperature, and is driven off slowly as the ignition 
temperature is increased, very much higher temperatures 
being required for complete dehydration. However, above 
200° C the curve has the general form of an adsorption curve, 
as far as the experiments were carried, and the 8% of water 
which is retained at 200° C seems, therefore, to be practically 
adsorbed by the highly porous AI2O3 resulting from the de- 
composition of the original Al(OH)3. The evidence does not 
show the existence of any series of hydrates formed by step- 
wise dehydration. The dehydration corresponding to a given 
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temperature, as found in this work, is somewhat greater than 
that obtained by previous investigators who did not continue 
their experiments for nearly so long a time at one temperature. 

2. When alumipa, produced by drying crystalline Al- 
(0H)3 at a temperature as low as even 275° C, is allowed to 
take up water, this water is simply adsorbed, and does not 
recombine chemically with the alumina. The drying curve 
after “rehydration” shows that this is the case, and bears no 
resemblance whatever to the original dehydration curve of 
the A1(0H)3. Hence, for a given sample of alumina the amount 
of water contained at equilibrium at any temperature will 
depend on the temperature and the amount of water vapor 
in the air (neglecting differences due to the sluggish equi- 
librium, and working at temperatures far enough away from 
the temperature at which the alumina was originally ignited, 
so that the original adsorptive capacity of the alumina is not 
altered). In general, the higher the ignition temperature, 
the smaller the amount of water which the alumina can ad- 
sorb under a given set of conditions. 

No experiments were made with gelatinous, ammonia- 
precipitated, hydrated alumina. Previous investigations, how- 
ever, have shown that this material is not a well-defined 
compound, but that its composition varies according to the 
conditions of precipitation; and it does not behave like a 
definite hydrate during drying. Should this material be 
ignited at a dull red heat and then “rehydrated,” drying 
curves of the adsorption type, similar to those found in this 
work, would undoubtedly be obtained. 

Prof. W. J. Mead of the University of Wisconsin, made 
an X-ray examination of the crystalline aluminum hydroxide 
of alumina prepared from it by ignition, and of this alumina 
after “rehy^ation.” His results are in accord with the con- 
clusions of this paper, and may be summarized as follows: 

The X-ray pattern of the original crystalline aluminum 
hydroxide is identical with that of the mineral gibbsite, which 
is the trihydrate AI2O3.3H2O (or Al(OH)3), and is a definitely 
crystalline, chemical compound. Alumina, prepared by cal- 
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cination of the crystalline hydroxide at 325° C gives no trace 
of the original trihydrate structure; and it is similar, neither 
to the mineral diaspore which is crystalline mono-hydrate 
AI 2 O 3 .H 2 O, nor to corundum which is crystalline anhydrous 
AI2O3. It does, however, show a distinct set of lines which 
are indicative of a crystalline condition. The adsorption of 
water does not alter its structure, and none of the trihydrate 
is produced. Alumina prepared by calcination at 600° shows 
a faint pattern similar to the preceding sample, but the bulk 
of the material is probably amorphous. When calcination 
temperatures somewhat above 1000 ° are employed, the prod- 
uct gives the pattern of corundum faintly, and still higher 
ignition temperatures increase the intensity of this pattern 
until it equals that of pure corundum. 
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BY HOMER W. SMITH 

PART V. PARTITION COEFFICIENTS IN SYSTEMS 
CONTAINING WATER AS ONE COMPONENT WITH 
SPECIAL REFERENCE TO THE ABSOLUTE VALUES 
OF THE SERIES CONSTANTS 

1 . Introduction 

We have thus far considered the behavior of various 
solutes in the systems. 

Water : xylene 
Water : chloroform 
Water : ether 
Glycerine : acetone 

By applying the equation: 

Log 10n|p =V„/6().00±a 

we have derived values for a which we have arbitrarily called 
series constants. The antilogs of these series constants for 
various solutes in each system have been shown to be related 
to each other by simple proportion. The series constants 
of the various systems containing water also appear to be 
similarly related. That is, if we denote the series constant 
for any given series in xylene by a„ ether a„ chloroform a^, 
then: 


Acids Amines 

a, = a,+ log 15.00 a,+ log 1.50 + 0.58840 

0 ^ = 0 ,+ log 5.00 a,+ log 5.0 +0.58840 

In view of the simple proportion existing between these 
three systems, it seemed important to extend the investi- 
gation to a larger number of solvents, to see if this rule of 
simple proportionality is universally true. 

It has been said that the behavior of a given solute in 
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two phase systems such as these is determined not only by the 
nature of the solute, but by the nature of the solvents, as well. 
Nearly all the acids, and a few of the amines, have been ob- 
served to change their relative behavior (or series number) 
in various systems. This uncertainty about the series number 
of a given solute in any system makes it essential to determine 
the partition coefficients for several solutes before the series 
constants for a given system can be safely evaluated. But 
when several series are represented in the experimental data, 
the series constants for any system can be determined with 
certainty because there are a limited number of series and 
they can be identified by their numerical inter-relationships. 

Consequently the literature was carefully searched for 
material which would aid in obtaining the series constants 
for various solvents when used with water, other than the 
three already discussed (xylene, chloroform and ether). 
Such data as are available, together with some original data, 
are given in this paper. 

2. The Corrected Series Constants 

Before entering into the discussion of these other systems, 
it is necessary to point out that the series constants for 
the systems already discussed have been modified, in the 
light of subsequent information, with a view to increased 
accuracy. 

In correcting them, I have been guided by several more 
or less obvious, but nevertheless assumptive, relationships. 
In the first place, the series constants for the amines appear 
to differ from the series constants of the acids by a constant 
amount (viz., 0.58840). This fact has not been previously 
mentioned and will be discussed later on. Secondly, in both 
xylene and ether, one amine series appears to extrapolate to a 
unit value at V„ = 0 (viz., for Series .0 in xylene and .4 in 
ether, a= =*= 0.00000). Thirdly, the series constants of the 
acids in the cases of xylene, chloroform and ether, as I have 
already pointed out, are apparently related to each other by 
pure integrals (viz., log 1.0 : log 5.0 : log 15.0). 
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I have assumed that these relationships actually did 
exist. Thus it has been possible to correlate the values de- 
rived in all three systems, and to evaluate the series constants 
with much greater accuracy. If these assumptions are correct, 
and if the simple numerical relationships exist between the 
various series in any system as we suppose, it is evident that 
the series constants for the integral series, at least, can be 
directly evaluated with ultimate accuracy to any degree. 

The series constants in the system water : xylene, as 
originally given, were derived from the experimental data 
by a cut-and-try process, since here there is no series which 
on extrapolation approximates any unit value at V„ = 0: 
the constant difference law between the acids and amines was 
not at that time recognized. Consequently it occasioned 
some surprise when, on reworking the data, I found that these 
values were fairly accurate to the fourth decimal place. 

That the foregoing assumptions, by which I have been 
guided in revising the series constants, are correct is borne 
out by the study of other solvents presented in this 
paper. 

In theory, since all series in any system, and since all 
systems as well, are related to each other by simple proportion 
it is only necessary to know one series constant to obtain the 
series constant for any series in any system. But for the 
sake of clarity, I have chosen the series constants for the sys- 
tem water ; xylene for presentation. One might suppose that 
an infinite, number of series could exist; but the evidence in- 
dicates that the number of series in each system is limited. 
It is impossible to be sure about this at the present time, but 
since some method of numbering the various series is necessary, 
a purely arbitrary designation has been adopted. They have 
already been numbered by integers from 1 to 10; that series 
having the highest value of a in any system has now been 
designated with an integer, and the succeeding series by deci- 
mation. This aids in tiieir indentification since they repeat 
themselves after every decrease of ten times in the partition 
coefficient. I have chosen Series 4 as a beginning in the 
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following table because it is the highest one so far observed 
among the acids or amines. * 

In r4sum6, it may be said that these series comprise 
the recognized possible values of P; the partition coefficients 
in several series are in the same proportion to each other as 
either the respective series numbers, or the antilogs of the 
respective series constants, a. 


Table I 

The Corrected Series Constants for the 
Acids in the System Water : Xylene 


Series number 


Series number 

a 

4. 

+0.2.3551 

.4 

—0.70440 


+0.110.57 

.3 

—0.88042 

2. 

—0.06552 

.2 

-1 .06552 

1.414 

—0.21610 

.1414 

—1.21010 

1. 

—0.366,55 

.1 

— 1 . t'lOOof) 

.S 

- -0.46,346 

.08 

— 1.4024() 

7 

-0., 52145 

.07 

- 1.52145 

.() 

—()., 58840 

006 

-2.58840 

. 5 

—0.667,58 

.(X)5 

— 2.00758 


etc. 


8. The Series Constants of Varioas Systems in which 
Water is One Component 

Instead of tabulating the data as actually found, I have 
presented the “pure” or theoretical values indicated, and 
then calculated the values of on the basis of these “pure” 
values. Thus I have ascertained that the series constant 
for toluene is a^ + log O.OOOO (still an assumption, of course) 
and used this “pure” relationship in calculating the desired 
values of p. This enables us to avoid in discussion the errors 
arising in the experimental work, and presents the data in a 
final form. The degree of agreement between P obs. and 
P calc, indicates the degree to which the assumption of simple 

^ In comparing two systems in this manner we have each series character- 
ized; there will be a Series 1.0 in each system, a Series .1, etc. That these series 
are chemically identical, or rather chemically related, is evident from the facts 
that one compound (such as diethylamine) will appear in the same series in all 
systems, and that the various systems are related, through any one series, by 
simple proportion. 
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proportionality is borne out. The figures given under the 
caption C2 show the concentration in the second solvent to 
which interpolation is made to obtain p. 


Table II 
Water : Toluene 
Acids. Ot — Qx^O. 00000 


^"eries 

number 

a 

Vm 

C2 

P obs. 

9 calo. 

14.14 

+0.78,890 






Phenol 

101.9 

1000. 0 

2.751 

3.03 

.8 

—(). 4(5340 





1 

Chloroacetic acid 

78.0 

1000.0 

0.07' 

0.0(59 

.0 

•”-0.58840 






5eC“Butyric acid 

107.3 

1.0 

0.1(5 

0.1585 


—0.88943 






Chloroacetic acid 

78.0 1 

100.0 

0.028' 

0.0257 

,2 

— 1 . 00552 






Acetic acid 

(54 0 

1.0 

0.0101* 

0 010 


Amines. 

a( = a*+ 0.58840 



4.0 

+0 82891 






Pyridine 

89 5 

100.0 

2.0()‘ 

2.07 

1.0 

+0.22185 






Trimethylamine 

88.0 

100. 0 

0.48' 

0.488 


Table III 
Water : Benzene 
Acids. 06 = 0 *+ log 1 .25 


Series 

number 

a 

Vm 

c. 

P obs. 

SI calc. 

(5.0 

+0.50851 






Benzoic acid 

120.9 

10.0 i 

4.20 

4.23 

2.0 

+0.08139 






Benzoic acid 


l.O 

1 .45 

1.41 

1.0 

-4). 20904 






Acetone 

70.0 

1000,0 

0.98 

1.00 

.8 

—0. 3(5(555 






Acetic acid 

(i4.0 

lOO.O 

0.0,54' 

0.050 

.(5 

—0.49149 






5 ^c-Biityric acid 

107.3 

1.0 

0.202 

0.198 

.1 

—1.2(5964 






Picric acid 

172.0 

100.0 

4.0 

3.95 

.04 

—1.6(5758 






Picric acid 


10.0 

1.65 

1.582 
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Table III {Continued) 


A mines, aj = a* + log 1 .2 '> + 0 . .58840 


4.0 1 

+0.92082 





.8 

Pyridine 

+0.22185 

89 . 5 

100.0 

2.(P 

2.505 

.4 

Trimethylamine 

- -0.07918 

88.0 

100.0 

O.oO^ 

0.488 


Diethvlamine 

109 3 

1.0 

0.500 

0.553 


Table IV 

Water : Carbon Tetrachloride 
Acids, an = a* + log 1.414 


Scries 

number 

a 

\ m 

1 C, 

p obc 

P calc 

8. 

+ 0 08705 






Phenol 

101.9 

1000 0 

2.45' 

2 42!) 

5 . 

+0.48293 






Acetone 

70.0 i 

1000.0 

0.61 

0.575 

4 0 

4-0.. m02 






Acetone 

70 0 

100 0 

0 450' 

0. 160 

1.414 

—0.00559 






Acetic acid 

04 0 

1000.0 

0. 10' 

0 100 

. 5 

—0.51707 I 






Acetic acid 

04 0 

100.0 

0.0:{6.5* 

0.0354 


Chloroacetic acid 

78.0 

1000.0 

0.06' 

0.0000 

•) 

. >} 

—0.73892 






5ec-Butyric acid 

107.3 

1 0 

0.104 

0 112 

1 

■ —1.21004 






Chloroacetic acid 

78. 0 

100 0 

0 01 1.5' 

0 0121 


Amines, cirt = 

= + loK 1.414 + 0 5SS40 


.4 

! —0.02558 






Diethvlamine 

109.3 

1 .0 

0.015 

0.()25 

.007 

—1.78254 






Ammonia 

20.9 

10 0 

0 0047 

0 004() 


Nearly nine-tenths of the data incorporated in the fore- 
going tables have been obtained from the literature. More- 
over everything available that could possibly be utilized has 
been used. It is indeed remarkable that such satisfactory 
agreement should be secured from the experimental work of 
so many investigators. 
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Table V 


Water : Amyl Alcohol 
Acids. Oo = a* + log 5.00 


Series 

number 

a 

Vm 

Ca 

9 Obs. 1 

9 calc. 

14.14 

+ 1.48287 






Phenol 

101.9 

100.0 

15.7 

15.18 

4.0 

+1.93448 






Acetic acid 

64.0 

1000.0 

0.921 

1.00 

.0 

+1.03149 






Picric acid 

172.0 

10.0 

7.4 

7.91 

.4 

+0.93448 






Picric acid 


100.0 

6.7 

6.325 

.1 

+0.33242 






Oxalic acid 

75. () 

100.0 

0.40 

0.422 

.08 

+0.23551 






Oxalic add 


10.0 

0.295 

0.313 

.03 

—0.19046 






Succinic acid 

120.0 

100.0 

0.675 

0.6324 


Amifws, Qa = 

=a, + log 5.00 + 0.58840 


1.0 

+0.92082 






Triethylamine 

152.6 

100.0 

26.0 

29.1 

.8 

+0.82391 






Methylamine 

43.0 

100.0 

0..335 

0.347 

.0 

+0.69897 






Ammonia 

26.9 

100.0 

0.146 

0.140 

.4 

+0.52288 






Diethylamine 

109.3 

1.0 

2.22 

2.21 


The primary motive in presenting these data is to show 
that a simple proportion exists between solvents, as well as 
between solutes. That all the proportions are not simple, 
or integral, is not a matter to concern us greatly at the present 
time. It may be remarked that they have been determined 
with sufficient accuracy to warrant careful consideration. 
Consider, for example, carbon tetrachloride; here, 
arf = a*-irlog 1.414 

With the exception of two instances, the data given 
for this system were determined by Herz and Lewy. The 
mean algebraic variation between the observed and calculated 
values is +0.013. The maximum variation is +0.075 
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in the case of diethylamine, one of my own determinations. 
The existence of series corresponding to 1.414 has already been 
discussed and it was pointed out that this value was chosen 
because it is the square-root of two.' 

Table VI 

Water ; Bromoform 
Acids. Ohr = o, -f log 5.0 


Series 

number 

a 

Vm 

Cj 

y obs. 

9 calc. 

4.0 

+0.93448 

Phenol 

101 9 

1000 0 

4..3- 

4.294 

.0 

+0.11037 
Acetic acid 

04 0 

1000.0 

0.1 4S2 

0.1502 

2 

-0.30655 
Chloroacetic acid 

78.0 

1000.0 

0.094" 

O.IOS 

.1 

— 0 . 00758 
Picric acid 

172.0 

100.0 

1.0" 

1 582 


A mines . Obr = clx + log 5.0 + 0. 58840 


.01414 

- 0.92873 
Ammonia 

20.9 

100.0 

0.0292 

! 0. 0.3.3 

4. ' 

Fhe Use of Diethylamine in Determining: the Series 


Constants in Various Systems 


If we could be sure that a given compound would never 
shift from one series to another, it would only be necessary to 
study that one compound in order to obtain the series constants 
for any system. 

It was noticed, however, in the first three water-containing 
systems studied that the acids were likely to occur in different 
series in each system. The amines nearly always appeared 
in the same series in every system. This regular behavior 
of the amines persists in the systems studied above, though 
there are exceptions. 

Diethylamine is one compound which has always appeared 
Mour- Phys. Chem., 25, 011 (1921). 

“ For the derivation of these values see Section I of Part II of this series. 
Jour. Phys. Chem., 25, 204 (1921). For all other values sec the following experi- 
mental section. 
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in the same series (i. e., Series .4) and for this reason it has 
been studied in a number of systems where only a small quan- 
tity of the organic solvent was available or where time pro- 
hibited extensive work. The results are listed below. It 
cannot be said definitely that diethylamine has not changed 
its series number in any of these systems, but from its previous 
behavior I believe this to be unlikely. On this assumption 
we then have this simple relationship between xylene and 
the unevaluated solvent, r: 

Antilog Or _ 1^, 

Antilog a* P* 

That is, the series constants of the two systems bear the same 
proportion as do the partition coefficients of diethylamine. 
Of course must be obtained from equal values of C 2 . These 
data are all based upon determinations of ^ when C 2 is 1 
m/h. 

Table VII 

The Behavior of Diethylamine in Various Systems 



PrlC 2 = l m/1.] 

Observed ratio' 
Pr/P* 

Pure ratio 
Pr/P* 

Paraffin Oil 

O.lS.'i 

0.419 

.4.? 

Petroleum (Co-) 

0.277 

0.027 

.025.> 

Trichlorobenzene 

0..33.‘1 

0.7.54 

.75 

wo-Amylphenyl ether 

0.435 

0.985 

l.OO 

Bromobenzene 

0.550 

1.26 

1.25 

c?-Dichlorobenzene 

0.0.50 

1.47 

1.50 

n-Butylbromide 

0.05 

1.47 

1.50 

w-Butyl ether 

0.05 

1.47 

1.50 

Ethylene chloride 

0.884 

2.00 

2.00 

.9^c-Octyl alcohol 

l.ll 

2.. 52 

2. .50 

«-Butyl alcohol 

2.20 

4.98 

5.00 

wc^-Butyl alcohol 

2.20 

4.98 

5.00 


We now have the series constants for twenty systems 
containing water. Eight of these have been determined from 
data based on several solutes (these are marked with an asterisk 
in the following table). The remaining twelve are based on 
diethylamine alone. 

■ P,= 0.442 
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Table VIII 

Summary of Series Constants 


Water and 

a (Acids) 

a (Amines) 

Paraffin Oil 

ctt+ log 0.40 

4-0.5<S<S40 

Petroleum 

a,-t- log 0.625 

40.58840 

Trichlorobenzene 

a.-i- log 0.75 

40.. 58840 

Xylene* 

given as a. 

40.. 58840 

i5o-Amylphenyl ether 

ax+ log 0.00 

+0.5SS40 

Toluene* 

ax+ log 0.00 

40.58840 

Benzene* 

0x4- log 1.25 

4-0.5<S840 

Bromobenzene* 

a* -f log 1 . 25 

4-0.5SS40 

Carbon tetrachloride* 

o,-t- log 1 .414 

+0.5SS40 

Dichlorobenzene 

a, 4- log 1 50 

4~0.58S40 

w-Butylbromide 

a* 4- log 1 . 50 

4-0.58840 

n-Butyl ether i 

a, 4“ log 1.50 

4-0.58810 

Ether ‘* 

c7x 4“ log 15.00 

4-1 58840 

Ethylene chloride 

log 2.00 

+0.58840 

5^c*-()ctvl alcohol 

a,+ log 2.50 

+0.58840 

n-Butvl alcohol 

0 ,+ log 5.00 

+0.58840 

wc-Butyl alcohol 

Ux4‘ log 5.00 

+0.58840 

Amyl alcohol* 

ax4- log 5.00 

+0.58810 

Chloroform* 

0x4“ log 5.00 

+0 58840 

Bromoform* 

0x4* log 5.00 

+0.58840 

Glycerine : acetone 

a* 4- 1 . (>0758 

=fc0. 00000 


5. The Behavior of Aeids and Amines 


A very interesting point brought out in the above table 
is the fact that the series constants of the amines and the acids 
differ by a constant amount (4-0.58840) in those systems which 
contain water, while there is no difference in the system glycer- 
ine : acetone. 

I was led to wonder while preparing the data on xylene 
and chloroform why the amines should behave differently, 
so far as the absolute values of the series constants are con- 
cerned, from the acids; it now appears that this difference is 

* Note that the anomaly in the system water : ether appears to rest with 
the acids, the series constants of which are ten times as great as the series con- 
stants of the amines. In so far as the amines are concerned, this system 
log 1.5()) falls into a position relative to the other systems which is in agreement 
with its general physical properties. This suggests that other systems (»-butyl 
ether, etc.) might show a similar discrepancy if studied with the acids as well as 
the amines, but at the time of writing it has been impossible to cover the.se points. 
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to be attributed to the presence of water in the system, for 
the difference disappears in a water-free system. No satis- 
factory explanation of this important relationship has occurred 
to me as yet, but it may be worth while to make this comment : 
The value -f 0.58840 corresponds to an increase in molecular 
volume of 35.14 units. This is approximately the volume of 
two molecules of water at 25 ° ( 18.03 X 2 = 36.06) . The molec- 
ular volumes of the amines have been figured on the basis 
of unhydrated molecules ; that is, as RNHz, etc., and not 
RNHsOH. In comparing the amines with the acids there 
is no doubt but that this chemically combined molecule of 
water should be included in the calculation of the volume. 

But why another molecule of water should be involved 
is not so easily explained, unless we assume that all amines 
possess in aqueous solution one molecule of water of hydration. 
Such an assumption is favored by a great number of facts 
indicating that the amines are hydrated to a much greater 
extent than the acids or other compounds, but that this water 
of hydration is constant in amount and equal to one molecule 
is not so easily believed. 

Summary 

1. The series constants for eight systems in which water 
is one component have been derived from data in large part 
quoted from the literature. 

2. In each of these systems, the series constants for the 
various solutes studied are related to each other by simple 
proportion. 

3. The series constants for twelve systems in which water 
is one component have been tentatively formulated through 
the study of diethylamine. 

4. In all twenty of the systems studied, the series con- 
stants for the various systems are related to each other by 
simple proportion. 

5. In every system in which water is one component, 
the amines differ from the acids in the value of their series 
constants by a constant amount. 
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6 . It is concluded that the intermolecular forces concerned 
in the solvent powers of various molecular species differ in in- 
tensity by discrete and simply related amounts. The bearing 
of the foregoing data on the structure of the atom and on the 
quantum theory will be discussed in the next communication. 

Experimental 

Cl : Concentration in Water Layer. 

C2 : Concentration in Other Layer. 

The figures given in the last column show the concentration of 
C2 to which interpolation for |p is made. All concentrations in 
millimols per liter. 



c, 

C 2 

C./Cj 

9 

Amyl alcohol 

Acetic acid 20® 

] 320.0 

1208.0 

0 911 

H. and F. 


1024 ,") 

948.1 

0.925 



794.4 

729.0 

0.918 



351 5 

330.4 

0.941 

1000 


s<s ss 

80.34 

0.909 

0.921 

Ammonia 20® 

1070.0 

287.4 

0.146 

H. and F, 


1010.5 

1.54.9 

0 151 



579 . 5 

84.22 

0 145 



304 00 

54 55 

0 149 



2 10.. S3 

34.01 

0.144 

TOO 


SO. 17 

12 24 

0 137 

0.140 

Diethylainine 25® 

4 95 

20 00 

4.04 

s 

2 87') 

10 025 

3 70 



1 . 075 

5.4.50 

3 20 



1.05 

2.9625 

2.82 

I 


0.05 

0.625 

2 . 52 

2.22 

Methylamine 25® 

1001.3 

.397.4 

0’374 

H. and F. 

812.0 

298.1 

0..367 



042.9 

231.5 

0 300 



.105.4 

175.9 

0.348 



303.6 

107.0 

0.3.52 

100 


115.5 

.38.04 

0..3.30 j 

0.335 

Oxalic acid 20® 

1(X)2.9 

430.0 

0.47 

H. and F. 


827.9 

.340.0 

0.47 



669.9 

255.0 

0.43 

too 


459.9 

171.7 

0.43 

0.40 


236.4 

72.33 

0..38 



127.5 

32.73 

0.34 

10 


68.06 

14.51 

0.31 

0.295 

Phenol 25® 

390.0 

5630.0 

14.4 1 

H. and F. 


383.0 

5410.0 

14.1 1 
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Experimentai. {Continued) 


Picric acid 25® 

Succinic acid 20° 

Triethylamine 25° 

iso-Amylphenyl ether 
Diethylamine 25 ° 

Benzene 

Acetone 25 ° 

Benzoic acid 25° 

s£?c-Butyric acid 25° 
Diethylamine 25° 

Picric acid 


Cl 

c . 

16.0 

260.0 

7.0 

110.0 

4.7 

75.0 

64.23 

254.9 

44.71 

163.8 

31.61 

107.9 

18.69 

51.82 

9.203 

18.50 

5.531 

9.296 

1155.5 

711.9 

809.9 

519.95 

404.95 

271.47 

103.73 

70.77 

26.84 

18.80 

27.74 

741.8 

16.64 

440.8 

8.75 

227.3 

9.50 

3.90 

5.775 

2.55 

3.30 

1.35 

1 85 

0.815 

2216.7 

2394.7 

1936.7 

2071 7 

1208.3 

1204.5 

918.5 

896.7 

608.9 

575.7 

220.0 

! 206.5 

4 .( K ) 

19.75 

2.80 

11.90 

1.725 

5.. 50 

1.300 

3.45 

0.925 

1.95 

0.8725 

1.525 

18.90 

5.0 

9.60 

, 2.20 

3.75 

0.7125 

2.55 

0.410 

22.30 

18.30 

11.95 

9.05 

6.575 

4.35 

3.875 

2.475 

2.1375 

1.2375 

26.09 

94.01 


c,/c* 

9 

16.2 

15.7 

100 

16.0 

15.7 

6.. 50 

H. and F. 

6.65 

6.90 

700 

6.82 

6.7 

7.10 

JO 

10.07 

7.4 

0.616 

H.andF. 

0.642 

0.670 

0.682 

700 

0.703 

0.675 

26.0 

H. and F. 

26.5 

100 

26.0 

26.0 

0.411 

S. 

0.442 

0.410 

7 

0.440 

0.435 

1.080 

H. and F. 

1 .070 
0.997 
0.976 
0.945 

1000 

0.938 

0.980 

4.93 

S. 

4.25 

3.19 

10 

2.57 

4.20 

2.11 

I 

1.75 

1.45 

0.264 

S. 

0.230 

0.190 

I 

0.170 

0.202 

0.822 

S. 

0.756 

0.662 

0.638 

7 

0.578 

0.560 

3.60 

K. 
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Experimental (Continued) 




20.80 

77.90 

3.74 

100 



18.82 

61.84 

3.28 

4.0 



1:5.20 

••35.90 

2.72 

10 



0.7:3 

19.77 

2.03 

1.5 

Bromobenzene 

Diethylamine 

2-V 

7.15 

4.05 

0.567 

s. 



:3.825 

2 075 

0.542 




:5 40 

1.70 

0.50 




2.1875 

1 . 1375 

0.520 




2.0875 

1.225 

0.587 




1 >1()25 

0.8875 

0.607 

(mean) 



1.100 

0.625 

0.5680 

0.556 

Bromoform 

Ammonia 

25° 

85:30.0 

417.0 

0.0489 

H. and D. 



8050.0 

362.0 

0.0449 




0300.0 

235.0 

0.0370 




4180.0 

131.0 

0.0132 

100 



2500.0 

70.0 

0.0272 

0.0292 

n-Butyl alcohol 
Diethylamine 

25° 

1 

2.50 

().8 

2.72 

s. 



i.:35 

3.175 

2.. 35 




0.075 

1.540 

2.30 

/ 



0.275 

0.575 

2.09 

2.2 

iso- Butyl alcohol 
Diethylamine 

25® 

1.0875 

2.6125 

2.4 

vS. 



0.050 

1..500 

2.3 




0.550 

1.225 

2.22 

T 



0.300 

0.625 

2.08 

2.20 

n-Butyl hrennide 
Diethylamine 

25° 

6.00 

4.00 

0.606 

vS. 



3.475 

2.20 

0.6.33 




2.10 

i.:3:375 

0 . 6.371 




1.10 

0.725 

0.660 

0.65 

n-Butyl ether 
Diethylamine 

25° 

7.75 

4.55 

0.587 

vS. 



4.05 

2.45 

0.(H)5 




2.1025 

l.:375 

0 . 6:32 

I 



0.925 

. 0.625 

0.676 

0.65 

Carbon tetrachloride 





Acetone 

25° 

2870.0 

2100.0 

0.733 

H. and L. 



1600.0 

997.0 

0.601 

1000 



1010.0 

514.0 

0.511 

0.61 



322.0 

146.0 

0.454 

100 



186.0 

83.3 

0.449 

0.45 

Ammonia 

25° 

8590.0 

73.5 

0.00856 

H. and D. 



6860.0 

46.4 

0.00676 
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Experimental {Continued) 


.w-Butyric acid 25® 


Diethylamine 25® 


o-Dichlorobenzene 
Diethylamine 25® 


Ethylene chloride 
Diethylamine 25 ® 


sec-Octyl alcohol 
Diethylamine 25® 


Paraffin oil 
Diethylamine 25® 


Petroleum (B. P. 145® 
-155® (Nonane)) 
Diethylamine 25 ® 


Cl 

c * 

5700.0 

35.7 

2350.0 


1730.0 

7.87 

17.50 

2.70 

13.80 

1.725 

9.25 

1.05 

7.10 


4.775 


7.80 

7.00 

5.075 

4.( K ) 

2.525 

1.9375 

1.425 

0.850 

11.70 

7.15 

5.50 

3.30 

3.175 

2.325 

1.55 


1.475 

0.95 

4.475 

4.075 

2.15 

1.925 

1.1875 

1.05 

0.95 

0.835 

2.10 

2.50 

1.75 

2.01 

1.05 

1.20 

0.475 

0.50 

10.10 

3.00 

8.80 

1.50 

8.70 

1.40 

5.25 

1.025 

3.35 

0.650 

3.30 

0.050 

3.20 

0.575 

1.475 

0.300 

11.35 

3.25 

7.25 

2.05 

4.825 

1.425 

4.50 

1.30 

4.175 

1.275 

2.7125 

0.850 


C,/Cj 

9 

0. 00621 

) 

0.00505 

1 lO 

0.00451 

) 0.0047 

0.154 

0.125 

0.1135 

S . 

0.0838 

T 

0.0639 

0.104 

0.897 

0.788 

S . 

0.700 

I 

0.597 

0.015 

0.61 

0.60 

0.732 

s. 

0.093 

(mean) 

0.643 

0.650 

0.910 

0.886 

S . 

0.886 

/ 

0.880 

0.884 

1.19 

1.16 

S . 

1.14 

I 

1.05 

1.11 

0.186 

0.170 

0.161 

0.192 

0.194 

0.1955 

vS . 

0.180 

(mean) 

0.204 


0.287 

0.283 

0.295 

0.289 

0.305 

0.313 

S . 
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Experimental {Continued) 



1.972.') 

0.450 

0.228 

(mean) 


1 (W75 

0.3G25 

0.222 

0.277 

Toluene 

scc-Butyric acid 25° 

15.70 

5 . 50 

0.350 

S. 


S.9() 

1.65 

0.185 



;i.()0 

0..50 

0.139 

/ 


1.975 

0.2025 

0.1025 

0.160 

1 , 3 , 4 -Trichlorobenzene 
Diethylamine 25° 

9.45 

4 05 

0.43 

S. 


4.95 

1.925 

0.403 



.1.325 

1.125 

0.346 

i 


1.4375 

0.4125 

0.287 

0.333 


H. and F. — Herz and Fischer: Ber. deutsch. chcm. Gcs., 37 , 4746 (1909); 
38 , 1138 (1905). 

H. and L. — Herz and Lewy: Zeit. Elektrochemie, 11, 818 (1905); Sit- 
zungsbcr schles. Ges. vaterlandische Kultur. Natur-Wissenschaftl. Sektion, 1906 . 
Most of the.se data are also given by Herz; Sammlung Chemischer und chemisch- 
technischer Vortrage, 15 , 1 (1910-11). 

K,— Kuriloff: Zeit. phys. Chem , 25, 418 (1898). 

S. — Original. 
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CATALYTIC PREPARATION OF ANILINE. II 


BY O. W. BROWN AND C. O. HENKE 

Introduction 

In a previous paper we have given the results of some 
studies on the reduction of nitrobenzene to aniline by hy- 
drogen in the presence of nickel and copper catalysts. In 
this paper we shall give the results of some studies on the effect 
of different catalysts on this reduction. The apparatus used, 
the method of procedure and the analysis was the same as 
in our previous paper, where it was fully described.^ Each 
catalyst was used in a new iron tube which had been previously 
cleaned by heating in a current of hydrogen to about 535°. 

Silver 

Silver carbonate was prepared by precipitation from a 
solution of silver nitrate by ammonium carbonate. The 
precipitate was thoroughly washed with distilled water and 
dried, a part of the carbonate being thus converted to the 
oxide. Twenty grams of the dried material was then put in 
the furnace and reduced and heated in hydrogen at 280° for 
about an hour. The results of experiments carried out at 
different temperatures are given in Table I. 

Table I 

Catalyst — Silver. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — 3.9 grams per hour. 

Excess of hydrogen — 710%. 


Temperature of 
catalyst, °C 

Material yield in 
% of theory 

Temperature of 
catalyst, ®C 

Material yield in 
% of theory 

200 

25.5 

280 

98.4 

215 

35.4 

300 

98.7 

235 

60.1 

320 

96.2 

260 1 

97.1 

340 

90.2 


* Brown and Henke: Jour. Phys. Chem., 26 , 161 (1921). 
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The results of Table I are plotted in curve Ag of Figure 
1. The ciurve is very similar to the curve for copper .which is 
redrawn from the graph of the previous paper. The best 

100 


80 


60 


40 


20 


temperatme for carrying out the reduction with silver as 
catalyst is seen to be from 280° to 300°. 

This catalyst was then used to study the effect of the 
rates of flow of the hydrogen and nitrobenzene. The results 



Fig. 1 
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with different rates of flow of nitrobenzene are given in Table 
II. 

Table II 

Catalyst — Silver. 

Temperature of catalyst — 300°. 

Rate of flow of hydrogen — 17 liters per hour. 


Nitrobenzene in grams Excess of hydrogen 
per hour in % 


Material yield in 
% of theory 


The results of Table II are plotted in curve Ag of Figure 
2. For purposes of comparison the curves for nickel and 
copper are redrawn from the data of the previous paper. 


1 


V 


GRAM 

. pmHR. 


14 HYDROGEN FLOW- LITERS PER H 

Fig. 2 Fig. 3 

In curve Cu-A the rate of flow of hydrogen was 11.4 liters 
per hour while in all the other curves it was 17 liters per hour. 
The graph shows that with nickel the speed of reduction of 
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nitrobenzene is greatest and with copper the least. Silver, 
though not equal to nickel has a far greater speed of reduction 
than copper. The temperatures of the different catalysts 
were not the same, but each one was used at the temperature 
where it had given the highest yield of aniline with the rate 
of flow of nitrobenzene at 3.9 to 4 grams per hour and the 
rate of hydrogen at 17 liters per hour. Since silver is like 
copper in that it does not attack the aromatic ring it appears 
that it would be a better catalyst to use than copper in cases 
where the action of the nickel was too violent, for the silver 
can be used at a much greater rate than the copper catalyst. 

The results of experiments with different rates of flow of 
hydrogen are given in Table III. 

Table III 

Catalyst — Silver. 

Temperature of catalyst — 300°. 

Rate of flow of nitrobenzene — 3.9 grams per hom. 


Hydrogen in liters 
per hour 

Excess of hydrogen 
in % 

Material yield 
in % of theory 

4.3 

100 

9G.2 

S. 5 

300 

98.1 

17 

710 

98.7 

30 

1310 

94.9 

43.5 

1940 

91.2 

05.5 

2970 

88.0 


The results of Table III are plotted in curve Ag of Figure 
3. The curves for nickel and copper are "redrawn from the 
previous paper for purposes of comparison. The temperatures 
of the different catalysts are the same as in Figure 2. Here 
again the nickel is capable of effecting the reduction at the 
greatest rate with silver second and copper last, although the 
difference betweensilver and copper is not so great as in Figure 2. 

An experiment in which the hydrogen was bubbled through 
water at 50° before being passed into the furnace gave the 
same result as when it was not bubbled through the water. 
Likewise passing the hydrogen through an approximately 
'/*% ammonia solution did not affect the yield of aniline 
appreciably. 
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Cobalt 

The cobalt catalyst was prepared by ignition of the nitrate 
and subsequent reduction of the oxide. The nitrate used 
contained 0.003% Fe, 0.51% Ni and 0.001% SO 3 . The nitrate 
with the addition of nitric acid was ignited at 445° in a small 
porcelain evaporating dish in an electrically heated muflBe, 
the temperature being measured by a thermocouple in the 
dish just above the cobalt oxide. Twenty six grams of the 
ignited oxide were put in the furnace and reduced and heated 
in hydrogen to 400°. This temperature of ignition and 
reduction was found to give the highest yields of aniline when 
nickel was used as catalyst. Since cobalt is similar to nidcel, 
although supposed to be less active than nickel, it was thought 
that these temperatures would likewise be the best for cobalt. 
The results for experiments carried out at different temperatures 
are given in Table IV. 

Table IV 

Catalyst — Cobalt. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — ^3.9 grams per hour. 

Excess of hydrogen — 710%. 


Temperature of 
catalyst, 

Material yield in 
% of theory 

Temperature of 
catalyst, 

Material yield 
in % of theory 

305 

0.6 

1.53 

12.6 

232 

5.4 

140 

23.0 

170 

5.0 

125 

47.0 


The last two results of Table IV are plotted in curve 
Co of Figure 1. The curve for Ni is redrawn fronj the graph 
of the previous paper for purposes of comparison. It is seen 
that with Co the highest yield of aniline is obtained at a lower 
temperatiure than with Ni. With Co, the lower the temper- 
ature the higher the yield of aniline until 125° is reached, 
below which it was practically impossible to work. 

From the work of Sabatier this is exactly what one would 
not expect for he found Ni to be more active than Co in other 
hydrogenations. The low yields of aniline with Co were not 
due to incomplete reduction of the nitrobenzene but to the 
fact that the Co was carrying on the reduction too far; which 
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was^shown by the fact that the odor of ammonia was strong 
and at the higher temperatures there was only a small amount 
of condensate which indicated that the cobalt was reducing 
some of the nitrobenzene even to methane. This variance 
from Sabatier’s results may however be due to the fact that 
he very carefully freed his nickel from cobalt and his cobalt 
from nickel, while the cobalt nitrate that we used contained 
0.51% nickel and the nickel nitrate contained 0.386% cobalt. 
Also Sabatier used a glass tube while we have used these 
catalysts in an iron pipe. 

Iron 

The iron catalyst was prepared from ferric nitrate, which 
had been repeatedly boiled down with nitric acid to free it 
from chlorine. Ferric oxide was precipitated from the ferric 
nitrate solution by ammonium hydroxide, and then dried in 
an oven at about 110°. Twenty six grams of the oxide were 
used. This was heated in hydrogen to 415° and kept at that 
temperature for 30 minutes. It was then used in the experi- 
ments recorded in Table V, which show the effect of different 
temperatures on the yield Of aniline secured. 

Table V 

Catalyst — Iron. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — ^3.9 grams per hour. 

Excess of hydrogen — 710%. 


Experiment number 

Temperature of 

Material yield in 

catalyst, °C 

% of theory 

GLl 

305 

19.4 

7E1 

305 

19.7 

KLl 

305 

17.8 

9L1 

28() 

32.0 

lOEl 

2G8 

64.2 

llLl 

250 

70.5 

25E1* 

232 

89.9 

17L1** 

250 

44.2 

18E1** 

! 250 

13.8 


* Prior to experiment 25I<1 the catalyst was heated in hydrogen at 415° 
for 30 minutes. 

•• For experiments 17L1 and 18L1 the rate of flow of nitrobenzene was 
4.9 grams per hour. 
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The first seven results of Table V are plotted in curve 
Fe of Figure 1. The graph indicates that iron has a high 
activity. The low results at the higher temperatures are 
not due to incomplete reduction of the nitrobenzene but to 
the fact that the iron carried on the reduction too far, as shown 
by the fact that the product was colorless and there was a 
very strong odor of ammonia. Even in experiment 25L1 
which was carried out at 232° the product was colorless and 
contained no nitrobenzene indicating that even at this low 
temperature the iron has reduced a part of the nitrobenzene 
farther than the aniline stage. However at the lower temper- 
atures the iron quickly lost its activity as is illustrated by 
experiments 171,1 and 18L1 which were made under duplicate 
conditions, one following the other. The second one is about 
30% lower than the first. However merely heating in hy- 
drogen at 41.5° for 30 minutes completely restores the activity 
of the iron. This indicates that at 250° metallic iron partially 
reduces the nitrobenzene and is converted to the oxide. Then 
at this low temperatme the oxide is not reducible by hydrogen 
or is only very slowly reduced by hydrogen and as a result 
the iron is soon converted to the oxide and the catalyst has 
lost its activity simply because it is no longer metallic iron 
but iron oxide. Then by heating at 415° the catalyst regains 
its activity because the iron oxide is reduced and we again 
have metallic iron as catalyst. 

Sabatier^ states that the iron oxide is reduced with diffi- 
culty at 400° to 450°. He claims that it takes 6 or 7 hours 
to completely reduce it with hydrogen at this temperature. 

Antimony 

The antimony catalyst was prepared by reducing 35 
grams of the trioxide, which was c. p. material from Kahl- 
baum, and then heating in hydrogen to 435°. The results 
of experiments carried out at different temperatures with 
this catalyst are given in Table VI. 


* Sabatier; “La Catalyse,” 1st Ed., Paris, 1913, p. 106. 
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Table VI 

Catalyst — ^Antimony. 

Rate of flow of hydrogen — 17 liters per hour. 
Rate of flow of nitrobenzene — ^3.9 grams per hour. 
Excess of hydrogen — 710%. 


Experiment number 

Temperature of 
catalyst, ®C 

Material yield in 
% of theory 

lEl 

242 

2.5.8 

5E1* 

300 

85.4 

fiEl 

300 

68.7 

7E1 

300 

58.3 

8E1 

300 

20.8 

9E1** 

300 

76.9 

lOEl** 

320 

95.2 

llEl 

320 

93.3 

12E1 

320 

95.2 

13E1** 

200 

70.6 


The results of Table VI are plotted in curve Sb of Figure 
1. It will be noted that at 320° the antimony catalyst did 
not lose its activity while at 300° its activity decreased steadily 
with use as the data in the table indicates. However, its 
activity was restored by merely heating in hydrogen at 450° 
for about 25 minutes. This indicates that at 300° the metallic 
antimony partially reduces the nitrobenzene and is converted 
to the oxide which then is not reduced by the hydrogen at 
that temperature. However at a higher temperature it is 
reduced and the catalyst then regains its former activity. 
The results of the table indicate that at 320° the antimony 
catalyst, at the indicated rates of nitrobenzene and hydrogen, 
does not lose its activity. This action of antimony was very 
similar to the action of iron except that the metallic iron was 
a much more vigorous catalyst. (With antimony at 300° 
the product was colored indicating the presence of azoxy- 
benzene or azobenzene while with iron at this temperature 
the reduction was carried on farther than the aniline stage.) 

* Prior to experiment 5E1 the catalyst was heated in hydrogen at 470° 
for 30 minutes. 

•* Prior to each one of these experiments the catalyst was heated in 
hydrogen at 450° for about 25 minutes. 
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Both would indicate that the nitrobenzene oxidizes the metal 
which in turn is reduced by the hydrogen. 

In experiments 9El and 13E1 a small amount of azo* 
benzene was formed. Other catalysts that yielded considerable 
amounts of azobenzene were lead and bismuth and since the 
formation of azobenzene with these two catalysts is so marked 
and peculiar, the results will be given in a separate paper in 
a later number of this journal. 

Molybdenum Oxide 

The molybdic acid that was used for this catalyst con- 
tained 88.03% M 0 O 3 , a trace of phosphorus, a trace of insoluble 
residue and ammonia. No arsenic or copper was present. 
This was heated in hydrogen at 405° for about two hours, 
a few experiments carried out and then after heating in hy- 
drogen at 405° for another hour the experiments of Table 
VII were earned out. 

Table VII 

Catalyst — Molybdenum Oxide. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — 3.9 grams per hour. 

Excess of hydrogen — 710%. 


Experiment number 

Temperature of 
catalyst, 

Material yield in 
% of theory 

iiji 

235 

36.0 

12J1 

252 

26.0 

7J1 

290 

86.5 

8J1 

310 

94.3 

17J1 

345 

93.1 


The results of Table VII are plotted in Figure 1 . The 
result of experiment 12J1 is not shown in the curve. It will 
be noted that 12 J 1 has a lower aniline yield than lljl although 
12 J 1 was carried out at the higher temperature. This indicates 
that this catalyst loses its activity when used at the lower 
temperatures similar to the iron and antimony catalysts. 
The catalyst in the case of molybdenum is probably a lower 
oxide and not the metal itself. It appears that the lower 
oxide, besides acting as a catalyst to cause the reduction by 
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hydrogen, may also remove oxygen from the nitrobenzene 
and be oxidized to a higher oxide, which in turn is reduced 
to the lower oxide by hydrogen. When the temperature is 
too low the lower oxide may partially reduce the nitrobenzene, 
but it in turn may not be reduced by the hydrogen and hence 
its activity may decrease. 

From this it would appear that when an oxide catalyst 
is used for reduction it would work best at that temperature 
at which the higher oxide is both easily formed from the lower 
oxide and also easily reduced to the lower oxide by hydrogen. 
On the other hand when this same catalyst is used for oxidation 
it should work best at that temperature at which the lower 
oxide is easily oxidized to the higher oxide, and the latter in 
turn is easily reduced to the lower oxide. Thus red lead^ is 
rapidly formed from litharge at about 450 °. At higher temper- 
atures the red lead begins to decompose into oxygen and 
litharge. So red lead when used as an oxidizing catalyst 
should act best at about 450°. Then it would be suitable 
for all those oxidations which would take place best at about 
450°, but probably would not be so good a catalyst for oxida- 
tions that require a higher or lower temperature. 

Manganese 

The manganese catalyst was prepared by precipitating 
the hydroxide from a solution of the nitrate by ammonium 

Tablb VIII 

Catalyst — Manganese. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of .nitrobenzene — 4 grams per hour. 

Excess of hydrogen — 680%. 


Temperature of catalyst, ®C 

Material yield in % of theory 

360 

84.0 

340 

85.5 

320 

83.1 

300 

79.6 

280 

67.5 

260 

28.2 


‘ Brown and Nees: Jour. Ind. Eng. Chemistry, 4, 867 (1912). 
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hydroxide. The hydroxide was then dried at about 110° 
and of course became oxidized to the sesquioxide. Twenty- 
seven grams of the dry sesquioxide were put in the furnace 

and reduced and heated in hy- 
drogen to 435° and kept at 
that temperature for 30 min- 
utes. The results of experi- 
ments carried out at different 
temperatures are given in 
Table VIII. 

The results of Table VIII 
are plotted in curve Mn of 
Figure 4. From the curve the 
best temperature with man- 
ganese as catalyst is seen to 
be about 340°. 


Chromium 

The chromium catalyst 
was prepared by precipitating 
the hydroxide from a solution 
of the nitrate by ammonium 
hydroxide. Ten grams of the 
dried oxide were put in the fur- 
nace and reduced and heated 
in hydrogen at 415° for about an hour. The results of experi- 
ments at different temperatures are given in Table IX. 

The results of Table IX are plotted in curve Cr of Figure 
4. The shape of this curve is quite different from those of 
the other catalysts. The most favorable temperature falls 
within narrow limits and the decrease with the higher temper- 
atures is very great. Possibly with slower rates of hydrogen 
and nitrobenzene the optimum temperature range would not 
have been so narrow and the percentage yield would have 
been greater. 
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Table IX 

Catalyst — Chromium. 

Rate of flow of hydrogen — 17 liters per hour. 
Rate of flow of nitrobenzene — 4 grams per hour. 
Excess of hydrogen — GSO%. 


Experiment number 

Temperature of 
catalyst, °C 

Material yield in 
^/(j of theory 

201 

:i40 

04.5 

.301 

323 

83.0 

401 

:m 

08.3 

oOl 

280 

()5 . 5 

001 

20S 

58.0 

701 

250 

50.7 

SOI* 

250 

50 . 1 

001 

232 

23. S 

1001 

214 

1 9.4 


Vanadium Oxide 

The vanadium oxide catalyst consisted of 10.5 grams of 
ammonium metavanadate. This was heated in hydrogen 
at 420 ° for one hour. The results with this catalyst at different 
temperatures are given in Table X. 

Table X 

Catalyst — Vanadium Oxide. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — 4.1 grams per hour. 

Excess of hydrogen — (i(i()%. 


Experiment number 

Temperature of 
catalyst, ®C 

Material yield in 
% of theory 

2P1 

345 

74.3 

3P1 

327 

66.1 

4P1 

310 

52.0 

oPl 

290 

21.9 

6P1 

270 

14.4 

7P1 

252 

5.6 

8P1 

382 

81.8 

9P1 

365 

88.0 

lOPl 

345 

74.3 


The results of Table X (except 6P1 and 7P1) are plotted 
in curve V of Figure 4. The curve is similar to the one for 
chromium, the m ost favorable temperature range being like- 

* In experiment 801 a small amount of azobenzene was formed. 
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wise very narrow. The catalyst in this case is probably a 
lower oxide of vanadium. 

Uranium Oxide 

The uranium oxide catalyst was prepared by precipitat- 
ing the hydroxide from a solution of the acetate by ammonia. 
Twenty-seven grams of the dried hydroxide were put in the 
furnace and heated in hydrogen at 420° for one hour. The 
results with this catalyst at different temperatures are given 
in Table XI. 


Table XI 

Catalysst — Uranium Oxide. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — 4.1 grams per hour. 
Excess of hydrogen — 660%. 


Experiment number 

Temperature of 
catalyst, 

Material yield in 
% of theory 

8N1 

310 

33.5 

9N1 

310 

52 . (> 

lONl 

290 

50.1 

llNl 

270 

16.9 

12N1 

252 

7.5 

13N1 

235 

2.5 

14N1* 

345 

49.8 

15N1 

345 

53.9 

16N1 

327 

69.6 

17N1 

310 

55.1 

■18N1 

3<S2 

52.3 


The results of Table XI are shown in curve U of Figure 
4. It will be noted that each time after heating in hydrogen 
the first experiment is lower than the second. It thus in- 
creases in activity with use. This same behavior was also 
noted with copper as catalyst. In the graph the results of 
experiments 9N1 and 15N1 are plotted instead of the results 
of 8N1 and 14N1. The curve for uranium is very similar 
to those for chromium and vanadium. In fact these three 
are very similar and are different from the others which are 
also similar in sh ape. 

♦ Prior to experiment 14N1 the catalyst was heated in hydrogen at 420® 
for one hour. 
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Other Catalysts 

Twenty grams tungstic acid were put in the furnace and 
heated in hydrogen to 420° and kept at that temperatiu-e 
for about two hours. Experiments carried out at 310° with 
4 grams nitrobenzene per hour and 17 liters hydrogen per 
hour gave 50.1% yields of aniline. It was not used at higher 
temperatures, although the yield of aniline would probably 
have increased with increase in temperature. 

Commercial cerium oxalate was also used as catalyst 
after heating in hydrogen at 420° for one hour. The cerium 
oxalate contained some lanthanum and the didymiums. An 
experiment at 35S with 3.9 grams nitrobenzene per hour and 
17 liters hydrogen per hour gave a yield of 49.5% aniline. 

Calcium and barium oxides were also tried but results 
were not appreciably higher than those given by the empty 
iron pipe alone. Commercial tellurium likewise had no 
appreciable activity. Silica which had been precipitated 
from a sodium silicate solution with HCl and then treated 
repeatedly with HNO3 and evaporated with HNO3 showed 
no appreciable activity. With these catalysts the yields 
obtained were not appreciably more than with the empty 
iron pipe alone, the results of which were given in the previous 
paper. 

An alumina catalyst, prepared by the method described 
by Johnson,* was used in a glass combustion tube instead of 
in an iron pipe. Glass is a poorer conductor of heat than 
iron and as a result the end of the glass combustion tube 
which extends in the condenser was not kept hot enough to 
keep the products from condensing in it. So the end of the 
glass tube was surrounded by an electric heating jacket about 
4^/4 inches long and 3*/2 inches in diameter. This kept the 
temperature in the tube near 200° and prevented the products 
from condensing in the tube. All the other details of the 
furnace remained the same. Thirteen grams of the alumina 
were used. The results are given in Table XII. 

‘ Johnson: Jour. Am. Chem. Soc., 34, 911 (1912). 
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Table Xll 

Catalyst — ^Alumina. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — 3.9 grams per hour. 
Excess of hydrogen — 710%. 


Temperature of catalyst, °C 

. 

Material yield in % of theory 

290 

2.8 

327 

5.0 

364 

13.2 


Thus alumina in a glass tube showed some catalytic 
activity. Its action may be looked upon as one of dehydra- 
tion, since water is one of the products of the reaction and 
alumina is known to be a good dehydrating catalyst. 

Summary of Results 

1. For the reduction of nitrobenzene cobalt was found 
to be active at a lower temperature than nickel. However 
the cobalt contained a little nickel and the nickel a little cobalt. 

2. Iron was found to carry the reduction farther than 
copper but cannot be used below about 300° and at this temper- 
ature its action is too vigorous, the reduction being carried 
on too far. 

3. Silver was found to be an excellent catalyst, even 
better than copper prepared by ignition of the nitrate, be- 
cause it can be used at a much higher rate of flow of nitro- 
benzene. 

4. Antimony, manganese and chromium were also found 
to act as catalysts in the reduction of nitrobenzene. 

5. The lower oxides of molybdenum, vanadium, uranium, 
tungsten and cerium also acted as catalysts in the reduction. 
The activity of the oxides of molybdenum and vanadium was 
greater than that of the other three. 

6. Alumina was found to possess a little activity. Its 
activity is probably that of a dehydrating catalyst as water 
is one of the products of the reaction. 

7. Commercial tellurium and the oxides of calcium, 
barium and silicon were not found to possess appreciable 
activity. 
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8. It was pointed out that with iron and antimony a 
part of the reduction was due to the direct action of the metal, 
an oxide being formed. 

9. When antimony was used at a low temperature the 
catalyst lost its activity, which was restored by heating to 
450° in hydrogen. When however antimony was used at 
about 320° it did not lose its activity with use. 

10. In choosing a catalyst for any particular reaction 
that catalyst should be chosen which works best at the temper- 
ature at which the reaction takes place. 

Laboratory of Physical Chemistry 
Indiana University 
Bloomington 



THE EFFECT OF EIGHT ON FIBRES DYED WITH A 
MIXTURE OF CHRYSANIEINE AND FUCHSINE 


BY W. W. PADDON 

Stobbe' states that a mixture of chrysaniline and fuchsine 
fades faster than either dye by itself. An attempt to verify 
this statement led to an entirely different conclusion. 

One gram samples of wool were dyed from the following 
baths. The total volume of the bath was in every case 250 
cc. The wool was entered cold into the boiling bath, removed 
hot after 45 minutes’ boil, rinsed in cold water, and dried in 


the open 

room. The following samples were dyed. 

Table I 

No. of 

Cone, of original bath 

No. of 

Cone, of original bath 

sample 

mg dye per 260 cc 

sample 

mg dye per 250 cc 

1 

30 mg chrysaniline 

4 

30 mg fuchsine 

2 

75 mg 

5 

75 mg 

3 

150 mg “ 

6 

1.50 mg 

Dyed in separate baths, first with 

Dyed in separate baths, first with 

chrysaniline and then with fuchsine 

fuchsine and then with chrysani- 
line 

7 

75 mg chrysaniline 

30 mg fuchsine 

11 

30 mg fuchsine 

75 mg chrysaniline 

s 

30 mg chrysaniline 

75 mg fuchsine 

12 

75 mg fuchsine 

30 mg chrysaniline 

9 

30 mg chrysaniline 

150 mg fuchsine 

13 

150 mg fuchsine 

30 mg chrysaniline 

10 

150 mg chrysaniline 

30 mg fuchsine 

14 

30 mg fuchsine 

150 mg chrysaniline 

Dyed from one bath, the bath containing both dyes as specified 

15 

75 mg chrysaniline 

30 mg fuchsine 

17 

30 mg chrysaniline 
150 mg fuchsine 

16 

30 mg fuchsine 

75 mg chrysaniline 

18 

150 mg chrysaniline 

30 mg fuchsine 


> Zeit Elektrochemie, 14 , 481 (1908). 
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When the samples that were first dyed in fuchsine were 
placed in the chrysaniline baths, they bled to a marked degree, 
showing that to some extent chrysaniline replaces the fuch- 
sine on the fibre. The samples, Nos. 11, 12, 13, 14, had ad- 
sorbed less fuchsine than Nos. 4, 5, 6 and 6, respectively, al- 
though dyed from baths of the same original concentrations. 

These dyed fibres were now exposed to the light from 
the violet carbon arc of a “Fade-ometer.” Three hours’ ex- 
posure to this light is equivalent to five hours’ exposure to 
Arizona sunlight.* 

In Table II are given the samples which had shown notice- 
able fading at the end of the given number of hours. 


Tabi,b II 


Kxposure 

Samples .showing noticeable fading 

3 hrs. 

1-3 

6 hrs 

1-3, 14, 15, IS 

17 hrs. 

1-3, 14, 15, IS 

31 hrs. 

1-3, 10, 11, 14, 15, IS 

100 hrs. 

1-3, 10, 11, 14, 1.5, 18 

131 hrs. 

1-.3, 7, 10, 11, 14, 1.5, 18 

205 hrs. 

1-.3. 7, 10, 18 

Unfaded, 4-0. 8, 9 


The data in Table II show at once that chrysaniline 
alone on the fibre is more fugitive than any of the mixtures 
of the two dyes tried. Furthermore the mixed colors fading 
first are those in which the minimum amount of fuchsine used 
is present. The samples dyed with fuchsine alone or with 
mixtures containing an excess of fuchsine over chrysaniline, 
the fuchsine being applied last, had not faded at the end of 
205 hours when the test was concluded. 

These results indicate that the fuchsine, which was in 
itself shown to be relatively fast to light, exerts a protective 
action against light on mixtures of fuchsine and chrysaniline. 
A further verification lies in the fact that sample No. 14, which 
was dyed first in fuchsine and then in chrysaniline, started 
to fade 25 hoiu^ before sample No. 10, on which the fuchsine 

‘ Gordon: Texile Colorist, Jan., 1921 , p. 29. 
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was applied last. Sample No. 11, dyed last in chrysaniline, 
faded 100 hours before No. 7 which had been dyed under 
the same conditions, except that the fuchsine was applied last. 

The absorption spectra of solutions of varying concentra- 
tions of fuchsine were compared with the absorption spectra 
of solutions of chrysaniline of the same concentrations and 
thicknesses. The absorption band for fuchsine solutions ex- 
tends from the extreme violet end of the visible spectrum into 
the blue or green depending on the concentration, but in every 
case except the most extreme dilution the fuchsine band was 
broader than the broadest chrysaniline absorption band. 
Since it has been shown that fuchsine alone is relatively fast 
to light.it is safe to say that it protects the chrysaniline and 
hence a mixture of chrysaniline and fuchsine where the fuchsine 
is applied last ; for it absorbs the light that would be absorbed 
by the chrysaniline and which would therefore tend to fade 
the chrysaniline. 

Experiments were also carried out on water solutions of 
the dyes. Solutions of chrysaniline alone and fuchsine alone 
and of mixtures of the two were exposed to the light of the 
“Fade-ometer.” The chrysaniline solutions alone faded in 
ten hours while the fuchsine solutions and the mixtures con- 
taining fuchsine showed no fading at the end of thirty hours. 
5 cc of 3% hydrogen peroxide were now added to each solution 
(volume originally 10 cc) and the samples again exposed to 
light. In 5 hours the chrysaniline had not faded further 
appreciably, but the fuchsine solutions were completely 
bleached, and the solutions containing fuchsine and chrys- 
aniline had assumed a yellow color, which became less and 
less pronounced as the exposure to light continued, and which 
was undoubtedly due to the chrysaniline of the mixture. 
Chrysaniline is not bleached, under the conditions of the ex- 
periments, by hydrogen peroxide while fuchsine is. The hy- 
drogen peroxide first removes the protecting fuchsine and the 
chrysaniline is then faded by the light. 

Exposure to light of samples of wool dyed with both 
fuchsine and chrysaniline, and of water solutions of the two 
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dyes demonstrate conclusively the protective action toward 
light of fuchsine on chrysaniline. The surprising thing about 
these results is the relative stability of fuchsine. It was sup- 
posed that this dye would be much more fugitive than it has 
turned out to be under these conditions. 

This work has been carried out under the direction of 
Professor Bancroft and was made possible by a grant from 
the Chemical Foundation. 

Cornell University 
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Soil Conditions and Plant Growth. By Edward J. Russell, Fourth 
edition, 22 X 14 cm; pp, ix + 406. New York and London: Longmans^ Green 
and Co., Ip 2 i. Price: $ 5 . 00 . The previous edition was reviewed less than four 
years ago ( 20 , 625.) — The subject has since grown so much that there are now 
to be a series of monographs called “The Rothamsted Monographs on Agricul- 
tural Science,” of which this is the first. 

The importance of team work is recognized explicitly by the author, 
p. 28. “At the Rothamsted Experimental Station, instead of a number of 
isolated individuals, there is a body of workers investigating the subject, each 
from his own special point of view, but each fully cognizant of the work of others, 
and periodically submitting his results to discussion by them. Separate workers 
investigate, respectively, the bacteria, protozoa, fungi, algae, helminths, and 
insects of the soil; in addition physical and organic chemists are studying the 
soil conditions, while others are concerned in the study of the growing dlant 
A body of workers by harmonious co-operation is able to make advances that 
would be impossible for any single individual, however brilliant.” 

There is a very good presentation, pp. 57-77, of the effect of some of the 
plant foods. With barley grown in sand cultures, the effect of nitrogen supply 
on the grain is very marked. When nitrogenous food is wholly withheld, the 
grain formed is only two-thirds of the normal weight per individual. “The 
first addition of nitrate causes a marked rise in the weight per grain and the 
proportion of grain to total produce, but successive additions cause no further 
rise. Indeed other experiments prove that excess of nitrogenous food causes 
the proportion of grain to fall off somewhat. The leaf and the general character 
of growth are affected to a much greater extent. Nitrogen starvation causes 
yellowing of the leaf, especially in cold spring weather, absence of growth, and a 
poor starved appearance generally: a moderate supply of nitrogen leads to more 
rapid growth, very useful in cold weather or in case of attacks of insect pests. 
Abundance of nitrogen, on tlie other hand, leads to the development of large 
dark green leaves which are often crinkled, and usually soft, sappy, and liable 
to insect and fungoid pests (apparently because of the thinning of the walls and 
some change in composition of sap) and to retarded ripening : the effects resemble 
those produced by abundant water .supply. A series of plants receiving varying 
amounts of nitrate are thus at somewhat different stages of their development 
at any given time, even though they were all sown on the same day, those sup- 
plied with large quantities of nitrate being less advanced than the rest. If they 
could all be kept under constant conditions till they had ripened this difference 
might finally disappear, but in crop production it is not possible much to delay 
the harvest owing to the fear of damage by autumn frosts, so that the retarda- 
tion is of great practical importance. Seed crops like barley that arc cut dead 
ripe are not supplied with much nitrate, but oats, which are cut before being 
quite ripe, can receive large quantities. All cereal crops, however, produce too 
much straw if the nitrate supply is excessive, and the straw does not commonly 
stand up well, but is beaten down or 'logged' by wind and rain. Swede and 
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potato crops also produce more leaf, but not proportionally more root or tuber, as 
the nitrogen supply increases; no doubt the increased root would follow, but the 
whole process is sooner or later stopped by the advancing season—the increased 
root does, in fact, follow in the case of the late-growing mangold. Tomatoes, 
again, produce too much leaf and too little fruit if they receive excess of nitrate 
At the Cheshunt Experiment Station the omission of nitrogen compounds from 
the fertilizer mixture has caused the yield of fruit to increase 11 percent. On 
the other hand crops grown solely for the sake of their leaves are wholly improved 
by increased nitrate supply: growers of cabbages have learned that they can 
not only improve the size of their crops by judicious applications of nitrates, 
but they can also impart the tenderness and bright green colour desired by 
purchasers. Unfortunately the softness of the tissues prevents the cabbage 
standing the rough handling of the market. These qualitative differences are 
of great importance in agriculture and horticulture ” 

The effect of a phosphate on the crop is two-fold. In the early stages of 
growth it promotes root formation in a remarkable way. “Dressing of phos- 
phates are particularly effective wherever greater root development is required 
than the soil conditions normally bring about. They are invaluable on clay 
soils, where roots do not naturally form well, but, on the other hand, they 
are less needed on sands, because great root growth takes place on these soils 
in any case. They are used for all root crops like swedes, turnips, and mangolds ; 
in their absence swedes and turnip roots will not swell but remain permanently 
dwarfed like radishes: the introduction of superphosphate as a fertilizer revolu- 
tionized agriculture on some of the heavier soils by allowing better growth of these 
crops. Phosphates are needed also for shallow-rooted crops with a short period 
of growth, like barley. Further, they are beneficial wherever drought is likely 
to set in, because they induce the young roots to grow rapidly into the moister 
layers of soil below the surface; probably, as Hall has suggested, this explains 
the marked effect of superphosphate on wheat in the dry regions of Australia. 

“Eater on in the life of the plant phosphates hasten the ripening processes, 
thus producing the same effect as a deficiency of water, but to a less extent; for 
this reason they are applied to the wheat crop in some of the northern districts 
of England, and the oat crop in the west, to bring on the harvest a few days earlier 
and obviate risk of loss by bad weather. The northern limit of growth of several 
crops may in like manner be extended. This ripening effect is well .shown on the 
barley plots at Rothamsted; crops receiving phosphates are golden yellow in 
colour while the others are still green.’' 

“The effect of potassium compounds is more localized than that of phos- 
phates, so that potash starvation can be more readily detected. The colour of 
the leaf becomes abnormal; the potash-starved grass plots at Rothamsted have 
a poor, dull colour, as have also the mangold plots; the leaves also tend to die 
early at the tips. The stem is weaker, so that the plant does not stand up well. 
The most striking effect, however, is the loss of efficiency in making starch; 
either photosynthesis or lran.slocation — it is not yet clear which — is so dependent 
on potassium salts that the whole process comes abruptly to an end without 
them. Mangold, sugar beets, potatoes, and other sugar- and starch-forming 
crops reduce their production of sugar with decreasing potassium supply even 
before the leaf area has been diminished." 
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Next to the sugar-producing plants, the leguminosae seem to stand most 
in need of potassium salts. The potash-starved grass plots at Kothamsted 
contain notably less clover than those fully manured, the actual depression 
fluctuating according to the season. Some of the weeds, especially the sorrel, 
require a good supply of potash. There is some controversy as to whether po- 
tassium plays any important part in protein synthesis in plants. In the absence 
of potassium salts, mitotic cell division does not go to completion; Reed observed 
that the cell and nucleus both elongate, but actual division does not occur. 

“It is not at present possible to say whether all these phenomena are 
different manifestations of one and the same specific action of potassium in the 
plant, or whether there are several different causes at work. Zwaardemaker puts 
forward the interesting suggestion that the potassium ion (which is somewhat 
radioactive) may be replaced by any other radioactive element, light or heavy, 
or by free radioactive radiation, provided the doses are equi-radioactive. 

“Sodium does not appear to be essential even to salt-marsh plants, 
although salicomia grew better in presence of salt than in its absence. It can 
partially, but not completely, replace potassium as a plant nutrient; it thus 
delays the setting in of potash starvation, but will not keep it off altogether. 
Hellriegel found that sodium salts always gave increases in crop even when 
potassium salts were present in quantity.” 

Forbes recognizes three classes of peat in Ireland, p. 135: 

1. Mountain peat, corresponding with the wet peat lowland moss of 
the British Committee, which originates wherever the conditions are too sterile 
or the subsoil too impervious or water-logged to allow deep-rooted vegetation 
to flourish, and where, therefore, shallow rooted plants come in and, on dying, 
form a layer of organic matter on which sphagnum, cotton grass, etc., begin to 
develop. This occurs above the 800 feet level in most parts of Ireland, but in 
the west it often covers the entire surface down to the sea-level. 

2. Marsh peat, corresponding with the British fen, which arises from 
reeds, sedges, rushes, etc., and which, so long as the water contains lime and 
nutrient salts, is as favourable a medium for plant growth as ordinary soil, though 
it affords no root-hold for trees, so that they are liable to be overturned in strong 
gales. This kind of peat forms the basis of all the low-land bogs in Ireland and 
of many of the small bogs in mountain districts. 

3. This marsh peat finally becomes so consolidated with time and pressure 
that it loses connection with the water table, and a surface swamp forms on which 
a sphagnum bog of the “mountain type” arises. This, therefore, becomes 
similar in character to the first group: it differs, however, in its uniformity of 
growth, being higher in the centre than at the margins where soil water can get 
in and where, therefore, decomposition is more rapid. 

A sandy soil may, without any change in type, be a dry and barren heath, 
if underlain near the surface with rock or gravel; a highly fertile fruit or market- 
garden soil if suflacienlly deep; or a stagnant marsh giving rise to peat, if so 
situated that water accumulates and cannot drain away, p. 302. 

The simplest case of a calcareous soil is presented by soils where the 
calcium carbonate exceeds about ten percent and dominates every other con- 
stituent, becoming the controlling factor in determining the soil properties, 
p. 304. “The conditions here seem to be extraordinarily well suited to plant 
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and animal life. Bacteria are numerous and active, rapidly oxidising organic 
matter. Hosts of animals, wireworms, earthworms, and others live in the gra.ss 
land, and even get into the arable land, honeycombing the soil with their passages, 
puffing it up or 'lightening' it considerably, and encouraging the multiplication 
of moles. Rabbits abound in dry places. Vegetation is restricted on thin 
exposed soils, but becomes astonishingly varied where there is sufficient depth 
of soil and shelter to maintain an adequate water supply. Ash is the character- 
istic tree in the north and west, and beech in the south of England, and there is a 
great profusion of shrubs — buck thorn, spindle, guelder rose, dogwood, hawthorn, 
hazel, maple; and especially of flowering plants — scabious (S. Columbaria), the 
bedstraws, vetches, ragwort, yellow wort (Chlora perfohata), salad burnet {Pot- 
erium sanguisorha) ^ lady’s fingers (Anthyllis), Linum cartharticum, Bromus 
erectus Still more remarkable, perhaps, is the fact that a few plants — the so- 
called calcifuges — do not occur. Where the amount of calcium carbonate is 
too high plants tend to become chlorotic; Chauzit showed that vines suffered 
badly when 35 percent, or more was present, but not when the amounts fell to 
3 percent. Maz4 attributes part of the action to the rendering insoluble of zinc, 
manganese, etc., necessary for complete growth. 

‘'Inve.stigations in Porto Rico, where a considerable portion of the arable 
land is .sufficiently calcareous to produce nutritional disturbances in crops, show 
that bush beans {Phaseolus manus) and radishes are unaffected by even 35 
percent of CaCOa; sunflowers, soy beans, and sugar canes are .somewhat de- 
pressed; while sweet cassava {Manihot palmata), rice and pineapples were con- 
siderably depressed by this amount. The amount of nitrogen, potash, and 
phosphoric acid in the various crops was apparently unaffected by the carbonate, 
but the iron was notably depressed ” Wilder D. Bancroft 

Animal Proteins. By Hugh Garner Bennett. 21 X 14 cm; pp. xiti -f 28^ 
New York: D. Van Nostrand Company, ig2i. Price: $3.75. — The title is a bit 
ambitious because the author really discusses leather and glue. The subject 
is presented under six heads: hides for heavy leather; .skins for light leather, 
chrome leathers; miscellaneous tannages; gelatine and glue; miscellaneous 
proteins and by-products. 

The author clas.sifies proteins, on the basis of their behavior toward.s 
water, into albumins, keratins, and gelatins, p. 3. “Cold water dissolves the 
albumins, does not affect the keratins, and only swells the gelatins. The be- 
haviour in hot water confirms and elaborates the classification. When heated 
in water, the albumins coagulate at temperatures of 70-75® C, the gelatins 
(if swollen) dissolve readily, whilst the keratins only dis.solve at temperatures 
above 100° C. Albumins and keratins may be distinguished also from gelatins 
by adding acetic acid and potassium ferrocyanide to their aqueous solutions 
Albumins and keratins give a precipitate, gelatins do not. Another distinguish- 
ing reaction is to boil with alcohol, wash with ether, and heat with hydrochloric 
acid (S.G. 1.2). Albumins give a violet colour, keratins and gelatins do not.” 

While one will agree with the author that tanning is a problem of colloid 
chemistry, it does seem as though the theory of vegetable tanning could be 
stated more clearly. The reviewer fears that neither the tanner nor the colloid 
chemist will get very much from the author’s description, p. 41. “Vegetable 
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tannage is a phenomenon of colloid chemistry. The old arguments as to whether 
tanning was a chemical or a physical process have been rendered obsolete by the 
advent of a new set of explanations, which, though shedd’ing light on many 
obscure points, have enormously increased the complexity of the problem. In 
vegetable tannage an emulsoid gel (pelt) is immersed in a complex emulsoid sol 
(tan liquor), which immersion results, not in simple action or change, but in a 
series of changes. 

'‘One of these changes is adsorption. Pelt is a gel which possesses a 
great development of surface. It not only exhibits like gelatine the phenomenon 
of imbibition and dehydration to a very marked extent, but also possesses a 
very fine fibrous structure due to its organic origin; thus pelt possesses an enor- 
mous specific surface, further intensified by the preparation processes previously 
discussed, which split up the hide fibres into smaller bundles and into much finer 
constituent fibrils. Tannins, on the other hand, are hydrophile colloids which 
in water form emulsified sols, and which may thus be expected to exhibit the 
phenomenon of adsorption. A tan liquor usually contains several tannins in 
addition to other closely similar substances, also in colloidal solution, and is 
therefore a sol of considerable complexity. The immersion of pelt into a tan 
liquor results in an adsorption, which consists essentially in an inequality of 
concentration in the sol, the greater concentration being at the interface. This 
inequality between the surface concentration and the volume concentration of 
the sol, is due primarily to considerations of surface tension and surface energy, 
and exists before the immersion of the pelt. The surface layer having excess 
over the volume concentration, any considerable extension of surface in a fixed 
volume of sol must produce a very considerable decrease in the volume concen- 
tration. This is what occurs when pelt is immersed in a tan liquor, the immer- 
sion being the considerable extension of surface. It should be especially re- 
membered that the inequality of concentration is in the sol, on the liquid side 
of the interface. In adsorption, the substance adsorbed, i. e , the excess at the 
surface, is too frequently regarded as bound to the solid immersed. This is 
because the excess is in the layer which wets the solid and remains wetting it 
when the solid is removed. Thus the immersion of pelt produces primarily 
only a change in the distribution of the tannins in the liquor. It follows from 
this that the adsorption is an equilibrium and that if the sol be diluted, the equili- 
brium will become the same as it would have been by immersing the pelt directly 
into the dilute solution. Thus, if pelt be first immersed in one tan liquor and 
then into a weaker one it will yield tan to the latter solution. 

‘Tn addition to adsorption, there is another phenomenon of colloid chem- 
istry in operation, viz., the mutual precipitation of the solid in the liquid by the 
gels in the hide. In most sols the disperse phase is electrically charged. The 
sol therefore possesses electric conductivity, and migration occurs in the electric 
field to the cathode or anode according to the nature of the charge. Oppositely 
charged sols precipitate one another, the precipitate containing both colloids. 
The maximum precipitation occurs when the -I- charge of one sol exactly equals 
and neutralizes the — charge of the other. There is thus an electrical equiva- 
lence; an amount of sol which is equivalent to a given amount of the other. 
This is not a chemical equivalence, however, and the precipitate is not a chemical 
compound in spite of its fairly constant composition. The composition of the 
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precipitate, indeed, is not quite constant, for the optimum precipitation may 
not correspond exactly with the electrical equivalence, being influenced by the 
number of particles required, their size (dispersity), the rate of mixture, and the 
relative concentrations of the sols. This mutual precipitation is exhibited by 
emulsoids as well as suspensoids, but the charge (H- or — ) on an emulsoid is in 
many instances largely an accidental matter, being determined by the medium 
in which it happens to be, its normal condition being electrical neutrality. Gela- 
tin and pelt are such emulsoids, and a positively charged gelatin sol has been 
observed to precipitate a negatively charged gelatin sol. It is thought, however, 
that gelatin is primarily a positive sol. Pelt (whether delimed or not) is rapidly 
acidified by the quickly penetrating and strongly adsorbed organic acids of the 
old tan liquors and becomes positively charged before the tannins are adsorbed. 
The positive charge increases with the acidity of the liquor. Other emulsoids 
are not electrically neutral, but are electrically charged and exhibit considerable 
conductivity. Into this class fall the tannins, and in tanning it is thought that 
there is a mutual precipitation of the negative tanning sol with the positive 
hide gel, the precipitation of the negative sol being favoured by the acid condi- 
tion of the liquor. The effect of increasing acidity soon falls off, however, as a 
saturation limit is soon reached. This mutual precipitation of colloids in tan- 
ning is in reality but an extension of the adsorption theory, which explains the 
predominant effect of H"^, and OH"* on the electric charge by stating that 
these ions are more readily adsorbed than other ions, and that as OH” is more 
readily adsorbed than H ^ most sols are negative to water. 

“In addition to the adsorption phenomena described, there are in vege- 
table tannage secondary changes which are slow and 'irreversible.* These changes 
are obscure and are difficult to investigate. Oxidation, dehydration and polym- 
erization have all been suggested but there is little direct evidence. Certain 
it is, however, that time renders the tannage more permanent. It perhaps 
should be pointed out that in the very strongest tan liquors the vicosity of the 
tannin sol is so great that adhesion would be a better term than adsorption. 
There is no abrupt division between the two phenomena.” 

The same remarks hold for the theory of chrome tannage, p. 129. “As 
to the theory of chrome tanning there is still considerable difference of opinion 
and much room for experiment. Some leather chemists regard the tannage as 
differing essentially from the vegetable tannages. Mr. J. A. Wilson has even 
suggested that the proteid molecule is in time partly hydrolyzed with the forma- 
tion of a chromic salt with the acid groups. The author, however, strongly 
favours the view that in chrome tanning changes take place which are closely 
analogous to those which occur in vegetable tannage, the differences being mainly 
of degree. Thus the hide gel is immersed into a lyophile sol — the chrome liquor — 
and there follows lyotrope influence, adsorption, gelation of the tanning sol, as 
well as diffusion into the gel, and finally also, probably, precipitation of the tan- 
ning sol at this interface. 

“In chrome tannage the lyotrope influence is much more prominent than 
in vegetable tannage, but the effect is in the same sense, viz., to reduce the im- 
bibition of the hide gel. Thus the potassium sulphate in a chrome alum liquor 
has its own specific action of this kind and contributes to the leather formation. 
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Unhydrolyzed chromium sulphate and the sodium sulphate formed in ‘making 
basic’ act also in the same sense. 

“The tanning sol is probably chromium hydrate, formed by the hydrolysis 
of chromium sulphate: it is a lyophile or emulsoid sol and is in consequence very 
strongly adsorbed by the hide gel. This adsorption, involving a concentration 
of lyophile sol, is the first stage in gelation, which occupies a relatively more 
prominent place in chrome than in vegetable tannage. Some diffusion into the 
gel occurs, and both the gelatin and diffusion of the sol are affected by lyotrope 
influence, but to a greater extent than in the vegetable tannage. Thus far the 
analogy is almost complete. 

“There remains the question of the precipitation of the tanning colloid 
at the interface. This is a point which has not yet been thoroughly investigated, 
and which offers considerable difficulty to a clear understanding, but the matter 
may be probably summarized thus: the adsorbed chromium hydrate is precipi- 
tated at the interface of gel and sol to some extent, chiefly through the neutrali- 
zation of its charge by the oppositely charged ions of the electrolytes present, 
but possibly also — in the last stages of manufacture by the mutual precipitation 
of oppositely charged gel and sol.” 

On p. 203, the author states that “On this view, we must regard a gelatine 
gel as a continuous network of water under great compression, and in this net- 
work are zones of still greater compression, which surround the particles of the 
disperse phase — the gelatine itself, and zones of less compression which in a weak 
gel, at any rate, have a compression equal to or much the same as the normal 
state of compression in water.” 

“However these things may be, the fact of water compression determines 
the rigidity of the gel, and the changes in this compression of the continuous 
phase determine the surface tension resultant which hinders swelling, and which 
is one of the two main factors fixing both the rate at which gelatine swells in 
water, and the final volume attained by the gel ” 

“Before leaving this point, it is desirable to note the effect on the swelling 
of gelatine of the extremes of this lyotrope influence. Substances like iodides, 
thiocyanates and urea prevent a gelatine sol from setting to a gel at all, and a 
piece of gelatine in such solutions swells rapidly until it solates. On the other 
hand, sulphates, tartrates, etc., make a stiff er gel on account of the enhanced 
compression. Gelatine in such solutions may swell, but at a much slower rate 
than in water and with a decreased maximum extent. A gelatine gel may in 
such solutions not only fail to swell at all, but actually contract and in some 
cases, indeed, be practically dehydrated. If a gel be in a very concentrated 
solution of such a substance, it may be that the lyotrope compression in the 
external solution is greater than the compression in the dispersion medium of 
the gel; in which case the surface tension effect is reversed, and the external 
solution tends to increase in volume and the gel to contract. Hence we find that 
the saturated solutions of such substances as ammonium sulphate and potassium 
carbonate will dehydrate a gel almost completely, and will also, by a similar 
action on pelt, make a kind of white leather. It is important to remember this 
contractile effect of strong solutions of salts, because it is very easy to confuse 
this effect with a similar result produced in another manner, viz., by a reduction 
of the force tending to swell.” 
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It will be obvious from these quotations that the author has made a brave 
attempt to present the subject of leather and glue from the view-point of colloid 
chemistry. Unfortunately, he is like most of us in thinking that a new word 
is in itself an explanation. Also, he takes himself very seriously and his colloid 
chemistry is a bit rigid. He probably would not admit that chromic oxide can 
adsorb ferric oxide, because they are both positively charged colloids. On p. 210 
he says that “a very important feature of the colloid state is that the particles of 
the disperse phase appear to possess an electric charge, and, if this charge be 
removed, a colloid sol no longer remains such, but precipitates, flocculates, 
coagulates, etc.” This is perfectly true for a colloidal solution stabilized by 
adsorption of an ion; but it is not true when the colloid is peptized by a liquid. 
It is difficult, for instance, to see how the author's view-point could be applied 
to colloidal solutions of cellulose nitrate in amyl acetate or acetone. 

The book is eminently praiseworthy as being the first attempt to present 
the subject from a common-sense point of view. That the effort is not more of 
a success is not entirely the author’s fault. We are very much up in the air on 
the subject of jellies in general and of gelatine in particular. It is to be hoped 
that the author will rewrite this book when our knowledge of the subject has 
increased. Even if circumstances prevent this, he will always deserve credit as 
the pioneer in this line. Wilder D. Bancroft 

Soaps and Proteins. By Martin H. Ftscher. 23 X 15 cm; pp. tx -h 272. 
New York: John Wiley and Sons, 1Q2I. Price: — The author states quite 

frankly in the preface that Science and The Chemical Engineer were the only 
scientific journals willing to publish any portions of the fragments of which the 
lKK)k is composed. We are not told whether these two are now wiser. 

The subject is treated under three main heads: the colloid chemistry 
of soaps; the colloid chemistry of soap manufacture; the analogies in the colloid 
chemistry of soaps, protein derivatives, and tissues. On p. 19 we read that 
“sodium caprate yields a solid gel if 500 cc of water are present to the mol of 
soap. As we mount in the acid series, the water-holding capacity grows tremen- 
dously. One mol of sodium laurate will hold four liters of water, the same 
amount of sodium myristate, twelve liters; of sodium palmitate, 20 liters; of 
sodium margarate, twenty-four liters; of sodium stearate, twenty-seven liters, 
and of sodium arachidate, the enormous value of thirty-seven liters.” This 
quotation shows the author’s dramatic skill, the enormous value corresponding 
to a little under a one percent solution. 

On p. 49 is the impressive and italicized statement that, when sodium 
linolate, sodium oleate, and sodium stearate are dissolved in different alcohols, 
the soap dissolves first in the lower members of the alcohol series and last in the 
uppermost, while, upon lowering the temperature, the gels formed first in the 
upper alcohols and last in the lowest members of the series. Most people would 
have said that the solubility (or peptization) decreases with increasing carbon 
content of the alcohol. On p, 69 the author says: “We are not unaw^are that 
the concept 'solution' needs itself to be defined. While the field of ‘.solution’ 
constitutes slippery ground, we accept, for pragmatic reasons, as characteristic 
of the ‘true^ solution, the teachings of Wolfgang Ostwald and P. P. von Weimarn, 
who define such solutions as dispersions of A in B with the degree of subdivision 
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measurable in molecular or smaller values. To express the matter in the termvS 
of A. P. Mathews, we may say that A is dissolved in B or vice versa when the sol- 
vent has overcome the cohesive forces of the dissolved substances. As Mathews 
has shown, the forces of cohesion operate within molecular dimensions. 

There is a characteristic paragraph on p. 75. “Some years ago we showed 
in the case of gelatin, that the ‘swelling* of this substance and its ‘liquefaction** 
are not identical processes, and that the latter is not a mere continuation of the 
former. When ordinary gelatin is thrown into water, it swells up somewhat; 
but the amount of this swelling is enormously increased if a little acid is added 
to the water. If liquefaction were a mere continuation of this swelling, then the 
addition of a little acid to a gelatin near its gelatin point ought to make it set. 
As a matter of fact, not only does this not happen, but the addition of such acid 
to a previously solid gelatin makes it liquefy. As maintained at that time, an 
increased ‘swelling* was declared to be an increased capacity for taking up the 
solvent; an increased tendency to liquefy, the expression of an increase in the 
degree of dispersion of the colloid material.** 

At first the reviewer thought that this must be a typographical error; 
but the author repeats elsewhere the extraordinary statement that if liquefaction 
is a continuation of swelling, addition of acid to a gelatine solution should make 
it set. The setting-up and knocking-down of straw men is hardly a legitimate 
scientific occupation. The curious thing about it all is that apparently some 
people are still impressed by the author, though the number is decreasing steadily. 

The book is padded thoroughly with tables, graphs, and half-tones. 
Some of the half-tones are very good; but most of them show practically nothing. 

Wilder D. Bancroft 

Fliissige Kristalle und ihr scheinbares Leben. By O. Lehmann. 23 X 16 
cm; pp. 72. Leipzig: Leipold Voss, IQ21. Price: paper, 30 marks.-— By mftvcas 
of about one hundred and sixty cuts the author brings out the variety of forms 
which liquid crystals can adopt under different conditions of stress. Many of 
these are so like the forms of living matter that Haeckel at one time was inclined 
to believe that these were actually living crystals. The author points out that 
in the living organisms we find a number of these materials which form liquid 
crystals, such as oleates, compounds of cholesterol, lecithin, phrenosin, cholin, 
etc. 

On p. 12 there is brought out the very interesting fact that it is possible 
to make crystals of ammonium nitrate which are plastic like lead or yellow 
phosphorus and which can be bent into a ring shape. When one of these rings 
is examined under crossed nicols, it appears that the bending has caused no 
change in the structure and is not due to the breaking down of the crystals. 
On p. 14 we learn that the thrust given by crystals of :^-azophenetol in changing 
from one modification to the other may be sufficient to shatter the glass tube 
in which they are, even though the new modification occupies a les.ser actual 
volume than the one from which it is formed. 

The author has taken moving picture photographs of all his results and it 
is possible in Germany to obtain a film showing the changes. It must be a 
very interesting one and should be of distinct interest to the universities. 

Wilder D. Bancroft 



THE PRESSURE-VOLUME RELATION OF SUPER- 
HEATED LIQUIDS 

BY K. L. WISHER 

1. Introduction 

The phenomenon of superheating is often observed in 
the laboratory in the bumping that occurs when a liquid is 
heated in a clean test tube or beaker. Closely related to this 
phenomenon is the “mechanical stretching” of liquids which 
has been investigated by Berthelot/ Worthington,® Dixon,® 
and J. Meyer,'* the latter having succeeded in subjecting 
ether to a stretching, or negative pressure, of 72 atmospheres 
But the extent to which liquids can be superheated at atmos- 
pheric pressure has not received much consideration. Con- 
ditions corresponding to the minimum point of van der Waals’ 
P-V curve have been attained by J. Meyer® in the case of 
ether, by reducing the pressure on the liquid to zero at 115°, 
but he states that he was not able to reach zero pressure above 
115°. No serious attempts have been made to reduce the 
pressure of the liquid below the minimum point of van der 
Waals’ curve. 

The present research is an attempt to obtain actual 
P-V curves at high temperatures to see whether the curve 
shows aay tendency to bend more sharply as the limit of super- 
heating is approached ; to find what degree of superheating 
may be attained; and, if possible, to discover what initiates 
the explosion. 

From the equation (P -f o/V®)(V— 5) =RT, y obtaining 
the relttion between T and V for the condition of the minimum 
point, and selecting a number of volumes, a projection of 
the trcugh of van der Waals’ P-T-V surface on the P-T plane 

»Ann. Chimie, 30, 232 (1860). 

sfPhil. Trans., 183, 355 (1892). 

^Proc. Roy. Dublin Soc., (2) 12, 60 (1909-10). 

; "Zur Kenntnis des negativen Dnickes in Flflssigkeiten” (1911). 

I Zeit. Elektrocfaemie, 18, 709 (1912). 
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can be drawn. Taking the data for ether, for which most of 
the measurements were made, a curve was drawn in this way, 
Fig. 1, Curve II. The values for the constants a and b were 
calculated from Ramsay and Young’s values for the critical 
temperature and pressure according to the relationships: 


27 t; T, 

64 R* P, ’ ® 8 R P; 


Using T,: = 194.4 C., 


P,=35.61, and R=:0.003764, then a = 0.03668 and 0.006177. 



Fig. 1 

I Vapour Pressure Curve 
II Minimutn<point Curve 
III Lowest Pressures reached experimentally 


From this graph it will be noticed that on the tjasis of 
van der Waals’ equation, the highest temperature foi^ liquid 
ether at one atmosphere pressure is 123 °. This was rei^arked 
by J. Meyer (see above) who, however, by using dfferent 
values for his constants calculated 115° as the maTiitniitn 
temperature for zero pressure (corresponding to 1171 at 1 
atmosphere). 1 

2. Preliminary Experiments 1 

Ether, ethyl chloride and isopentane were choset for 
study because of their low boiling points and because Itheir 
critical temperatures and pressures are comparatively 1<W. 
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A few preliminary experiments were carried out to find 
the highest temperatures to which each of these liquids could 
be heated at atmospheric pressure ; and to find also the length 
of time they could be kept under atmospheric pressure at 
different temperatures, so that a temperature could be chosen 
at which there was a reasonable probability of the liquid 
holding for a sufficient time to make quantitative measurements. 

The ether used throughout the experiments was Kahl- 
baum’s, “fiber Natrium destilliert.” This was again dis- 
tilled over sodium to free it from all traces of water, and was 
kept in a number of small glass-stoppered bottles. Imme- 
diately before being used it was boiled to drive out absorbed 
gases. 

The ethyl chloride was Hedley’s C. P. “For general 
anaesthesia.” Sp. Gr. 0.920. 

The isopentane was Kahlbaum’s, B. P. 29°. 

Apparatus . — The form of apparatus used is illustrated 
in Fig. 2. Pressures up to 50 atmospheres are obtained by 



Fig. 2 

means of a Fritz Kohler pressure machine, in which a steel 
rod, S, screws into a cylinder, P, filled with Russian paraffin 
oil. The pressure is transmitted to the glass part of the 
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apparatus by a coil of small bore copper tubing. Another 
coil of copper tubing coimects with the pressure gauge D. 
The liquid under investigation is contained in a capillary 
U-tube attached at A (not shown in figure). This is separated 
from the oil in C by a trap of coloured water in the U-tube 
B. An air-manometer, M, is necessary to indicate atmos- 
pheric pressure since the gauge D has a large zero error. E, 
F and G are tubes used in filling the apparatus with oil, water 
and the liquid being studied. A tin vessel of 2 liters capacity, 
covered with two layers of asbestos paper and filled with Rus- 
sian paraffin oil, served as a thermostat. It was stirred by 
a motor, and the temperature was kept constant to within 
Vio° hy a gas thermo-regulator. 

Ether and isopentane were introduced into the capillary 
U-tube by dipping the turned-down tip into a dish of the liquid, 
and applying suction at E. Both open tips were then sealed 
off with a blow-pipe with the liquid as close to the end of the 
tube as possible, so that the imprisoned gas was for the most 
part vapour from the liquid, and thus easily compressible to 
liquid again. To fill with ethyl chloride, which boils at 12.5°, 
the filling-tip E was replaced by a thistle tube into which a 
few cc. of the liquid were poured and allowed to run down into 
the capillary by gravity, the tube being kept cold by running 
tap-water. After breaking off the capillary neck of the thistle 
tube, the open tips were sealed by touching with the molten 
end of a glass rod. With every filling the strength of the seal 
was tested by applying 50 atmospheres pressure. 

Qualiiative Results . — Ether was the first liquid investi- 
gated. The capillary U-tube was immersed in the thermo- 
stat at 120°, under pressure of 20 atmospheres. The pressure 
was then quickly reduced to 1 atmosphere; the ether ex- 
ploded in 5 secs., the time being noted with a stop-watch. 
With this apparatus the same filling of liquid may be used 
time after time, the formation of vapour in the U-tube merely 
sending up the mercury column of the manometer until the 
vapour-pressure is approximately reached. A number of 
trials were made with increasing temperatures, and it was 
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soon^observed that while the first attempt at 120° resulted 
in an explosion after 5 secs., after repeated trials at 125° it 
was possible to keep the liquid phase at 120° and atmospheric 
pressure for as long as GO secs. This led to the installation 
of a second higher temperature thermostat for the purpose 
of “training up’’ the tube or ether, or whatever it is that 
favourably influences the time-period and temperature of 
superheating. Finally after a great number of attempts, 
by a previous heating to 175° under 30 atmospheres pressure, 
it was possible to maintain the liquid state for 15 secs., at a 
temperature of 140° and atmospheric pressure. The highest 
temperature reached in the course of the whole research was 
143° for 1 second. 

Subsequent work seemed to indicate that the same favour- 
able conditions were obtained simply by a long heating of 
from 2 to 3 hours, and that a greater superheating under pres- 
sure was not essential. Glass tubing particularly free from 
inclusions of long drawn-out air bubbles as a general rule 
gave the best results; and it was invariably noticed that a 
tube which had not had a strong heating to redness prior to 
filling with liquid could not be depended upon. Also, a number 
of experiments point to a gradual deterioration, either in the 
tube or the ether, after 20 or 30 explosions. 

However, the very erratic behavior of the tubes makes 
it difficult to draw more than the above few conclusions from 
the large number of experiments performed. Moreover, 
this aspect of the problem is the subject of a special investi- 
gation by Mr. Gilbert in this laboratory. 


Table I 


Substance 

B, P. 

Highest temp, 
reached at 1 
atmosphere 

Press, for 
min. pt. at 
highest temp.* 

Vap. press, 
at highest 
temp. 

Ether 

35° C. 

143° C. 

12.5 atm. 

15.4 atm. 

Isopentane 

29° 

136° 

11.0 

14.3 

Ethyl chloride 

12.5° 

126° 

14.0 

20.0 


* Determined from Curve 11, Fig. 1, and from similar curves for isopentane 
and ethyl diloride. 
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The highest t^peratures reached with ether, isopentane 
and ethyl chloride, together with the vapour-pressures and 
the pressures at the minimum points of van der Waals’ curve 
at these temperatures, are given in Table I. 

A few experiments were made with ether to determine 
the lowest pressures that could be reached at temperatures 
above 143® without immediate explosion occurring. The 
results are shown in Curve III, Fig. 1. The points are almost 
on a straight line pointing to the critical point in one direction 
and very nearly to the —72 atmosphere point of Meyer, 
at ordinary temperature. Although the latter must be more 
or less a fluke, the general position of the points in relation 
to the vapour-pressure curve (I, Fig. 1) can be accounted 
for by a simple assumption as to the size of the nuclei which 
are visible both in liquids and on the glass walls under the 
ultra-microscope, and round which the initial bubbles may 
be assumed to form. This, however, is also the subject of 
another investigation in this laboratory. 

8. Quantitative Measupements of Volume 

The liquids for which P-V curves were obtained were 
ethyl ether and ethyl chloride. The limited supply of iso- 
pentane gave out before a successful result was obtained. 

Ether was again the first liquid to be investigated quanti- 
tatively, and the details of the method will be described for 
this substance. In making measurements of volume to secure 
data for a P-V curve, the ether was heated in a thick-walled 
tube or bulb connected to a fine capillary tube. The obvious 
method of measuring the volume of the heated ether by separat- 
ing it from the oil of the pressure machine by a colmnn of 
mercury, or other insoluble liquid, could not be used because 
the extent of superheating was much reduced by contact -with 
both mercury and water. After a number of unsuccessful 
attempts to isolate a quantity of ether by various means and 
to determine its voliune at atmospheric pressure, the following 
method was adopted in which the contact point between mer- 
cury and ether was outside the thermostat. With the contact 
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point at room temperature, there was no greater probability 
of an explosion than if the capillary were filled only with ether. 

Method . — The method can best be explained by an ex- 
ample. At 133.8° and 20 atoospheres, the heated portion 
of ether occupies that part of the bulb and tube between c 
and d, shown diagrammatically in Fig. 3. be is a length of 
very fine capillary tube extending out from the thermostat 
two or three inches, in which there is a temperature gradation 
from 133.8° at c to 20 at b. The end of the mercury thread 



Fig. 3 


stands at a, while ab is a section of capillary tube containing 
ether at room temperature. When the pressure is reduced 
to 1 atmosphere, a small amount of ether issues from the 
bulb, and the mercury stands at o'. The volume oo', when 
corrected to the temperature of the thermostat, represents 
the volume increment for 19 atmospheres. The application 
of this method involves a number of corrections which will 
be dealt with later. 

Apparatus . — For the quantitative measurements, the 
pressure machine and manometer were the same as already 
described. The bulb Y, Fig. 2, is made of heavy glass tubing, 
about 5 cm. long, with inside and outside diameters of 5 
mm. and 8 mm., respectively. This is connected by fine- 
bore capillary tubing to a section of fairly uniform tubing, X, 
of about 1 mm. bore and 2 mm. outside diameter, to which 
a mm. scale is attached, and into which mercury is introduced 
for taking readings. This in turn is connected to the U-tube 
B by a flexible capillary, AN, about one meter long. During 
the process of “training up” the bulb, the mercury is kept 
in a side-tube, N, with a layer of water separating it from the 
ether, which now fills the bulb and the whole length of tube 
to the water-trap B. In this way a number of explosions 
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may be allowed to occur without churning up the mercury 
meniscus, and without allowing ether to touch the mercury 
and tarnish its surface before the actual readings are made. 
When the bdiavior of the bulb indicates a good chance of 
the explosion holding off long enough to secure a reading at 
atmospheric pressure, the temperature of the bulb is raised 
about 10° while the pressure is kept at 25 atmospheres, and 
the side-tube N is pulled forward and upwards (the flexibility 
and torsion of the capillary line allows this), until the mercury 
runs down into the bend of the tube, and closes off a portion 
of ether in the tube and bulb. On cooling the bulb again to 
the temperature of the thermostat, the mercury is drawn up 
into the capillary X in readiness for readings. Starting with, 
say, 50 atmospheres, the position of the mercury column is 
noted at intervals of 5 atmospheres. One or two explosions 
after the introduction of the mercury usually rendered the 
apparatus unfit for fiurther use, and the tubes and bulbs had 
to be remade and refilled. 

It may be mentioned that while no bulbs ever burst during 
the experiments, a bulb purposely broken in the thermostat 
scattered the oil for about 6 feet in all directions, and badly 
distorted the tin vessel. As a protection to the experimenter, 
the thermostats were housed in a case of wire-reinforced plate 
glass, with a slot at the side through which the bulbs could 
be manipulated. 

Measurements and Corrections . — ^At the conclusion of a 
set of readings, the volume of the bulb (c to d, Fig. 3) was 
calculated from the weight of mercury filling it when at the 
temperature of the bath, and thus the correction for the thermal 
expansion of the glass becomes unnecessary. The tube X 
in which readings were taken was calibrated by means of a 
thread of mercury. 

Employing the foregoing method, corrections must be 
made for: 

(1) Enlargement of bulb due to pressure: The bulb and 
part of the graduated stem were filled with mercury, and placed 
in the thermostat. The apparent compression, less the toown 
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compression of mercury, gave the expansion of the glass due 
to pressure. This correction, at most, amounts to 0.07%. 

(2) Expansion of volume ab on reducing pressure: This 
portion of ether was at room temperature, and the correction 
was easily made from Amagat’s compressibility coefficients.* 
It is at most 0.05% of the total volume, and therefore prac- 
tically negligible. 

(3) Temperature correction for volume aa' : Since no 
thermal expansion data were available for the high temper- 
ature and low pressure conditions of this research, use was 
made of the values for the volume of one gram of ether at 
high temperatures and the corresponding vapour-pressures 
determined by S. Young.- For ethyl chloride a special ex- 
periment was made at the vapour-pressure. Thus at only 
one pressure does the correction hold strictly true, the corrected 
values of the volume aa' being slightly too large for pressures 
above the vapour-pressure, and slightly too small below the 
vapour-pressure . 

(4) Temperature change on adiabatic expansion: This 
correction is required only in the last pressure reductions 
where the liquid is in an unstable state and there is no time 
to wait for temperature equalization between bulb and bath. 
To determine the temperature change on adiabatic expansion, 
a long thin-walled glass bulb with fine capillary' to serve as 
an air-thermometer was sealed into a larger bulb which was 
attached to the pressure machine and filled with ether. A 
short thread of oil was inserted in the thermometer capillary 
to register temperature changes. A rise or fall in pressure of 
20 atmospheres gave a sharp displacement of the oil of 2 mm., 
which slowly returned to its original position after 50 secs. 
This displacement corresponded to a temperature change of 
0.6°. This value, along with the thermal expansion coeffi- 
cient of ether, calculated from Young’s data (see above), 
were used to make the adiabatic volume correction. Un- 
fortunately cond itions have not permitted a similar deter- 

> Ann. Chim. Phys., 11, 630 (1877); 25, 505 (1893). 

Proc. Roy. Dublin Soc., (2) 12, 374 (1909-10). 
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mination for ethyl chloride, and consequently only those 
measurements amid be made for which there was sufficient 
time to allow temperature equalization to take place. 

Appl 3 dng these corrections, if T = temperature of the 
thermostat, and Pi = one of a succession of pressures, the 
volume at a temperature, T, and a pressure, Pi, becomes: 

V + (expansion of glass bulb for Pi atms.) + (vol. aa') 
(1 + a,rtoT AT) - (vol. afe)3,. AP + VaT» DT, 
where V = vol. of bulb at temp. T and atmospheric 
pressure. 

AT = T — room temperature. 

AP = Po-Pi. 

Po — initial pressure. 

DT = adiabatic temp, change. 
a = coeff. of thermal expansion of the liquid. 
d = coe£f. of compressibility of the liquid. 

For example, at 133.8° and 48.4 atms., the vol. of 
ether=0.96299 + 0.00067 0.96366 cc. 

At 133.8° and 19.3 atms., volume = 0.96299 + 0.00035 + 
0.02085 (1 + 0.00261 X 114) - 0.0448 X 176 X lO"®) 29.1 = 
0.99014 cc. 

At 133.8° and 1 atm., volume = 

0.96299 + 0.03493(1 + 0.00261 X 114) -0.0448 X 176 X 

10-« X 47.4 + 0.96299 X 0.00356 X 0.6 = 1.00997 cc. 

In addition to the above easily made corrections, the 
following are more difficult to take into account, but their 
omission does not appreciably affect the accuracy : 

(1) a is probably not independent of pressure in correction 
(3) above. Since the total correction amounts to only about 
1% of the volume of the liquid, a slight error in the value of 
a will obviously be negligible. A rapid turning of the lower 
end of the 133.8° curve for ether might cause a considerable 
change in a, but the plotted results show that this is not the 
case, and there is therefore no appreciable error in the use of 
a determined at the vapour-pressure. 

(2) The volume be, in which there is a temperature 
gradation from the temperature of the thermostat to room 
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temperattire, is not more than Vio the volume of ab, and a 
compressibility correction is therefore unnecessary. 

(3) There is a lag in the flow of liquid through the capillary 
be. This introduces the largest source of error, but affects 
only the last readings in the experiments with ether. All 
that can be said is that_there is a possible maximum error 
of about 7% in the last ^volume increment, or 0.3% on the 
whole volume. 



Results . — ^The results for ether at 121.5°, 127.9° and 
133.8°, and for ethyl chloride at 99.6°, 109.7° and 117.4° C. 
are given in Tables II and III. In the columns under the 
head of “time” are given the times in seconds which were 
allowed after each pressure reduction before taking the reading. 
The volumes, with all the corrections applied (Column VI) 
were converted to the basis of the volumes of 1 gram (Column 
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VII)* and are represented graphically in Figures 4 and 5. 

These curves show no unusual tradency to curve sharply 
in the low pressure regions, although the 1 atmosphere point 
on the ether curve at 133.8° is TVa atmospheres below vsui 
der Waals’ minimum point, and 13 atmospheres below the 
vapour-pressure. The very great divergence of actual pressure- 
volume relations from van der Waals’ theoretical curve is 
very strikingly shovm in Fig. 6, in which the unit of volume 


Tabi,B II — Ether 


I 

Press. 

atms. 

II 

Temp, 
deg C. 

III 

Time 

secs. 

IV 

Scale 

reading 

V 

Vol. aa' 
uncorrected 

VI 

Volume 
in cc. 

VII 

Volume 
of 1 g. 

17.9 

121.5 

— 

10 

0 

1.59421 

1.7334 

15.5 

121.5 

— 

20 

0.00250 

1.59671 

1.7,368 

13.5 

121.5 

— 

31 

0.00443 

1.59864 

1.7394 

11.6 

121.5 

— 

47 

0.00668 

1.60089 

1.7424 

9,7 

121.5 

— 

73 

0.00957 

1.60378 

1.7464 

1.0 

121.5 

10 

228 

0.02184 

1.61605 

1. 7(5,30 

48.4 

127.9 

— 

35 . 5 

0 

1.66574 

1.7267 

44.5 

127.9 

— 

42 

0.00343 

1.67008 

1.7312 

38.7 

127.9 

— 

03.5 

0.00957 

1.67780 

1.7,392 

34.8 

127.9 

— 

82 

0.01322 

1.682,38 

1 .7440 

29.0 

127.9 

— 

118 

0.01992 

1.69080 

1.7,527 

25.2 

127.9 

— 

142 

0.02435 

1.69637 

1.7,585 

19.3 

127.9 

— 

192 

0.03176 

1.70568 

1 . 7681 

15.5 

127.9 

— 

233 

0.03653 

1.71168 

1.7743 

11.6 

127.9 

— 

287 

1 0.04147 

1.71789 

1.7808 

1.0 

! 127.9 

1 

— 

386 

0.05473 

1.73,597 

1.7995 

48.4 

133.8 

30 

-3 

0 

0.96366 

1 . 7550 

43.5 

133.8 

30 

6.5 

0.00310 

0.96759 

1.7622 

38.7 

133.7 

30 

20 

0.00600 

0.97126 

1.7689 

33.9 

133.7 

30 

41 

0.00934 

0.97,550 

1.7766 

29.0 

133.7 

30 

72 

0.01310 

0.98029 

1.7853 

24.2 

133.7 

30 

107 

0.01650 

0.98461 

1.7932 

19.3 

133.7 

30 

157 

0.02085 

0.99014 

1.8033 

1.0 

133.8 : 

moment 

296 

0.03493 

1.00997 

1.8394 


* For ether the conversion was made with S. Young’s data at the vapour- 
pressure. In the case of ethyl chloride the conversion is dependent on the special 
experiment referred to on page 309, which was not done accurately. The numbers 
in Col. VII, Table III, may therefore have a constant error of as much as 1 % 
throughout. 
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Table III — Ethyl chloride 


I 

Press. 

aims. 

II 

Temp, 
deg. C. 

III 

Time 

secs. 

IV 

vScale 

readings 

V 

Vol tta' 
uncorrecLed 

VI 

Volume 
in cc. 

VII 

Volume* 
of 1 g. 

48.4 

99.0 

— 

174 

0.0 

0.. 51757 

1.2426 

43.5 

99.0 

— 

181 

0.00101 

0.51861 

1 . 243 1 

3S.7 

99. C) 

— 

187.5 

0.00198 

0.51963 

1 2473 

33.9 

99.0 

— 

195 

0.00310 

0,. 52078 

1.2.503 

29.0 

99.0 

— 

203 

0.00432 

0.. 52205 

1.2.533 

21.2 

99.0 

— 

210 

0.00.540 

0.52318 

1.2361 

19.3 

, 99.0 

— 

218 

0.00662 

0.52445 

1.2391 

14.5 

i 99.0 

— 

225 

0.00778 

0 . 52566 

1 . 2620 

9.7 

99.0 

— 

233 

0 00908 

0 52703 

1.2653 

8.0 

99.0 

— 

235.5 

0.00950 

0.527.57 

1.2664 

4.0 

99 0 

15 

241 

0.01042 

0.52844 

1 . 2687 

2.0 

99.0 

15 

244 

0.01095 

0.. 52898 

1 . 2700 

1 0 

99.0 

30 

245 

0.01110 

0.52913 

1.2703 

48.4 

109.7 

30 

241 

0.0 

0.517.57 

1.2688 

43.5 

109.7 

30 

248.5 

0.00123 

0.51887 

1.2720 

38.7 

109.7 

30 

255.5 

0.00245 

0.52018 

1.2752 

33.9 

109.7 

30 

263 

0.00375 

0.521,56 

1.2786 

29.0 

109.7 

30 

270.5 

0.00512 

0,. 52303 

1.2822 

24,2 

109.7 

30 

278 

0.00640 

0.. 52440 

1.2856 

19.3 

109.7 

.30 

286 

0.00794 

0.52609 

1.2897 

14,5 

109.7 

30 

293 

0.00920 

().. 52741 

1 . 2930 

9.7 

109.7 

.30 

3(H). 5 

0.01066 

0.52898 

1 2967 

8.0 

109.7 

45 

305 

0.01155 

().. 52997 

1.2992 

4.0 

109.7 

45 

311 

0.01273 

0.. 53125 

1.3024 

2.0 

109.7 

45 

314 

0.01331 

0.. 53185 

1.30,38 

1 .0 

109.7 

50 

315.5 

0.01.362 

0.5.3219 

l.,3040 

48.4 

117.3 

90 

290 

0.0 

0.51757 

1.2941 

43.5 

117.35 

40 

297 . 5 

0.00138 

0.51909 

1.2978 

38.7 

117.35 

40 

304.3 

0.00268 

0.. 520.52 

1.3014 

33.9 

117.35 

40 

312 

0.00420 

0.. 52225 

1.. 30.58 

29.0 

117.4 

40 

320.5 

0 00590 

0.. 52409 

1.3103 

24.2 

117.5 

40 

328 

0.00740 

0.52577 

1.3145 

19.3 

117.5 

40 

336 

0.00906 

0.. 52761 

1.3192 

14.5 

117.45 

40 

343 

0.01060 

0.52932 

1.3234 

9.7 

117.45 

40 

350.5 

0.01225 

0.. 531 15 

1.3280 

8.0 

117.45 

20 

354 

0.01302 

0.53224 

1.3307 

4.0 

117.5 

20 

358.3 

0.01.397 

0.53349 

1.3338 

2.0 

117.5 

10 

360.5 

0.01445 

0.. 5.3442 

1.. 3.362 


* See footnote, page 312- 
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in van der Waals’ curve is so chosen that it corresponds with 
the actual volume of 1 gram of liquid ether at 50 atmospheres. 

The high degree of superheating, and the great uncer- 
tainty 6f explosions, imposed unusual conditions on the experi- 
ments, and the occurrence of a great many failures explains 
the restriction of the investigation to two liquids. 



Fig. 6 

4. Summary 

(1) The highest temperatures of superheating at atmos- 
pheric pressure were: ethyl ether, 143°; isopentane, 136°; 
ethyl chloride, 126°. 

(2) The tninitnum pressures which can be reached with 
liquid ether at temperatures above 143° increase with the 
temperature, the points lying approximately on a straight 
line joining the critical point with the —72 atmospheres point 
of J. Meyer. 

(3) The pressure-volume relation was determined experi- 
mentally for liquid ethyl ether at 121.5°, 127.9° and 133.8°, 
and for Uquid ethyl chloride at 99.6°, 109.7° and 117.4° at 
pressures down to 1 atmosphere. 
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(4) The pressure-volume relation under these conditions 
was almost linear. There was no tendency shown by the 
P-V curves to bend more sharply at low pressures as the limit 
of superheating was approached. Actual experiments showed 
a marked departure from van der Waals’ curve. 

This research was carried out at the suggestion and under 
the direction of Prof. F. B. Kenrick. 

University of Toronto 
Department of Chemistry 
June, ig2i 



STUDIES ON THE ELECTRO-DEPOSITION OF LEAD 
FROM MATHERS’ PERCHLORATE BATH. I. THE 
STRUCTURE OF THE DEPOSIT 


BY W. E. HUGHES 

F. C. Mathers’ solution, patented in 1909,^ is one of the 
best of the baths available for the purpose of depositing lead. 
Its composition and other features have been fully described 
by the inventor himself.® He describes the lead deposited 
from it as “smooth and coherent,’’ or, again, as “solid, smooth, 
finely crystalline.’’® Its density is given as 11.36.^ Such 
descriptions relate to the macroscopic aspect of the deposit; 
its microscopic structure does not appear to have been investi- 
gated. The object of the present paper is to record some ob- 
servations made during such an investigation. 

METHOD OF INVESTIGATION 
I. Etching* 

The usual methods of preparing metal surfaces for study 
under the microscope are well known to be difficult to carry 
out successfully in the case of lead. No success was attained 
with them in the present instance. It was, therefore, decided 
to etch, by electrolytic means, the, in many cases, extremely 
smooth surface of the deposit. In this way no question of 
alteration of structure in consequence of polishing could arise ; 
there was no opportunity for re-crystallization to occur. A 
disadvantage was that no sections of the metal lying in a 
plane parallel to the normal direction of grain growth could 
be examined; and such a disadvantage is of importance for 
many purposes,® In the present case, however, the exami- 

> U. S. P., 931,944, Aug. 4 (1909). 

> Trans. Am. Electrochem. Soc., 17, 261 (1910). 

» Ibid., at p. 266. 

* The density of lead deposited from A. G. Betts’ silicofluoride solution 
varies from 11.29 to 11.36. Trans. Am. Electrochem. Soc., 36, 266 (1919). 

* Cf. K. Debebke and M. V. Schwarz; Zeit, Metallkunde, 12, 605. 



Studies on the Electro-deposition of Lecui 317 

iMition of the natural surface of the metal (after etching and 
without polishing) which lay in a plane at right angles to the 
direction of grain growth yielded some interesting results. 
After etching, the surfaces were washed, first, in tap water, 
and then, with distilled water, absolute alcohol and ether; 
they were then carefully dried between filter papers. 

Conditions of Etching 

These were as follows. Solution: 30 cc (Kahlbaum’s) 
perchloric acid (spec, grav., 1.20 — about 30 percent acid, 
that is) ; 270 cc distilled water. Cathode: 10-gauge copper 
wire; Current density: 9 to 10 amp./dem.^; £. Al. F.: 1.5 
volts at 0.8 cm electrode distance; Temperature: 18°/19° C; 
Time: varying, as shown in the table (infra). 

Phenomena Observed 

The phenomena observ'ed at the anode are, for con- 
venience of reference and comparison, as well as for brevity, 
put into tabular form. The progress of the etching was, in 
each case, carefully watched throughout the whole period, 
since continuous observation of the phenomena was con- 
sidered necessary. 

Remarks 

( 1 ) The condition of the etched surface at the end of the 
period of etching was as follows— sample: The surface 
was much worn: it was cindery and dull, and light grey in 
colour. Examination with a pocket lens disclosed no sign 
of crystallization. Second sample: The surface was, for the 
most part, dark and patchy, and it was smeared with a dark, 
powdery substance; but in places, for example, near the 
surface of the solution, the surface of the anode had a sparkling 
(as though crystalline) appearance, when examined through 
a lens. Third sample: The remarks made about the first 
sample apply to this one also. 

(2) The formation of the skin-like substance — ^Where 
the surface that was next the base metal on which the deposit 
was formed is presented to the cathode (as in 1), the skin 
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Tablb 


Sample 

1 

|[H 

Phenomena observed at the anode 

A piece 
of sheet 
lead de- 
posited by 
the author 
from Ma- 
thers’ bath 

30 

The inside sur- 
face of the de- 
posit faced the 
cathode. The 
surface was 
very smooth, 
shiny and iri- 
descent 

A very few (adherent) bubbles 
seen form on the anode. After 
10 minutes a very thin **skin*’ 
peeled away from the surface. 
This, when doubled upon itself, 
appeared to be brownish in colour, 
and broke into pieces when re- 
moved from the anode surface 
by a glass rod. After removal 
of the “skin,'* the anode was clean, 
matt and grey. During the re- 
mainder of the time of etching 
small pieces of “skin" came away 
from the anode surface on tapping 
the anode holder 

A piece erf 
a cathexle 
supplied 
by Math- 
ers 

30 

The lead could 
not be detach- 
ed from its cop- 
per base. The 
outside surface 
had, therefore, 
to be exposed 
to etching 

A few adherent bubbles form on 
the ail de. During the first 20 
minutes, tapping the anode caused 
dislodgement of small pieces of 
“skin." After 25 minutes, a large 
piece of “skin" fell away from the 
anode surface 

As in 1 

60 

The outside 
surface of the 
deposit was in 
this case di- 
rected to the 
cathode. The 
original sur- 
face had upon 
it some tiny 
lumps, which 
caused it to feel 
slightly rough 

During the first 15 minutes, the 
anode surface darkened and ap- 
peared to become covered with a 
blackish powder. No gas was 
observed. After 30 minutes, 
threads of a skin-like substance 
became detached, of themselves, 
from the edges of the anode. 
After 40 minutes, a dark curtain 
of “skin” had formed upon the 
anode surface: tapping detached 
this. At the end of the period of 
etch, there were numerous small 
pieces of “skin" floating about in 
the solution 
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forms early on in the etch period, and it consists of one piece 
covering the whole, or nearly the whole, of the exposed area; 
thereafter, after detachment of this, the skin-like substance 
is detached in small fragments. On the other hand, where 
the outside of the deposit faced the cathode (as in 2 and 3) 
the skin-like substance becomes detached in small fragments 
during the major part of the period of etch: in this latter 
case, a complete, one-piece, skin-like cover forms towards the 
end of the etch period, but it does not exceed a size greater 
than some two-thirds that of the exposed anode area. It 
may be mentioned that similar phenomena were noticed while 
etching several other samples; those given are typical of many 
cases. Three minutes was the shortest period of time in which 
the one-piece “skin” covering the whole of the exposed anode 
area was seen to form, using a current density of 9 to 10 am- 
peres per square decimeter. 

II. Examination under Microscope 

Examination of the etched surface of Sample 1 (of the 
table) at a magnification of 125 diameters and with normal 
illumination disclosed a curious structure. The deposit ap- 
peared to consist of cells of various sizes and of irregular out- 
line. The cell walls were bright — even, lustrous, and they 
were slightly yellowish in colour. The interior of each cell 
appeared to be made up of a mosaic of very small, bright 
(like the walls) and dark particles. The centres of the cells 
were re-entrant: it was necessary to focus down from the 
plane of the focus of the cell walls in order to bring the in- 
teriors into a clear definition. Such was the structure seen, 
not only in the case of Sample 1, but also in all the other 
samples examined. 

Discussion 

In this paper the author’s intention is to state the facts 
observed, and to offer some suggestions as to the deductions 
that these facts seem to support. It is hoped to consider at 
a later time the general subject of the effect of colloids on 
deposited metal. The deductions which, it is suggested. 
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can be drawn from the observed facts are contained in para- 
graphs 1, 2 and 3, which follow. 

1. The lead deposited from Mathers’ perchlorate bath has 
a structure . — That this is a fact, and that the structure is 
definite and, perhaps, characteristic, may be said to be clear 
from the description given above. Moreover, it is a compound 
. structure. It consists of a cellular or honeycomb frame- 
work and, within the cells, a mesh-work of very tiny particles. 
It would be easy to enter upon a strained argument as to the 
inferences that can be drawn from these facts, but the only 
deduction which it is wished to make is this : — The arrange- 
ment of the atoms of the deposited metal is ordered; the structure 
is not amorphous, and, therefore, directive forces were at work 
other than, but in addition to, those ranged under the term ‘cohesion.’ 
This is not to say that the directive forces are those to which 
the name “crystallization forces” has been given.' There is 
some evidence, as, for instance, in the case of Sample 2, that 
such forces may have operated; but the facts observed in 
these experiments would not justify a definite assertion re- 
garding the matter. Insistence is placed upon the deduction 
here made, because metals deposited from solutions containing 
colloids or substances that give ’ise to the same results as 
colloids, namely, such as aluminium sulphate in solutions of 
zinc sulphate, ferric sulphate in cadmium sulphate baths, ^ 
and many others, are often (and always on little or no evidence) 
said to be amorphous.^ 

2. The effect of the colloid on the depositing lead.-— 
This appears to be to prevent the building of any such 
structure as one usually finds when examining deposited 
metal. Without the colloid, the solution gives a crys- 

* G. Wolff: Zeit. f. Krystallographie, 34, 449 (1901). W. Vernardiks 
(Bull, de I’Acad. des Sciences de St. Petersburg, 1908, p. 216) classifies the forces 
which operate during crystallization. 

» A. Hollard: “La thferie des ions,” p. 184. See also W. D. Bancroft 
(Trans. Am. Electrochem. Soc., 1912) ; approving, apparently, M. Schlatter’s view 
(“Galvanostegie,” 1910, 1 Teil, pp. 38 and 51) that "the action of aluminium sul- 
phate is clearly that of a colloid.” 

* E. E. Kem (Trans. Am. Electrochem. Soc., 15, 473 (1909)) « p>-aife of 
deposits formed from baths containing addition agents as being “less crystalline.” 
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talline deposit, which, in no long time, becomes a mass of 
loosely adherent skeleton crystals. The experiments show 
that the surface change caused by the introduction of the 
colloid (peptone) is concurrent with a complete change of 
internal structure. The minuteness of the grains of the mesh 
within the cells of the frame-work shows that diminution of 
grain-size is one effect produced by the colloid;’ the examina- 
tion of the deposited lead gives, therefore, ocular demonstra- 
tion of the fact. But diminution of grain-size is not the sole 
effect brought about by the colloid. So far as the microscope 
shows there is not, except in the intracellular areas, an aggre- 
gation of separate grains that meet to occasion lines of division. 
There are no such lines of division as usually occur between 
the grains of deposited metal : they are replaced by a separat- 
ing substance that partitions the granular contents of one 
cell from the contents of the cells around it, similarly as the 
wax cell-wall of a honey-comb separates the contents of one 
cell from the honey contained in the cells around it. The de- 
duction made from the observed facts is, therefore, that the 
mode of growth of the lead deposited from Mathers’ perchlorate 
bath is, or, under some conditions, may he, essentially different 
from that of deposited metal in general. This statement may 
be opposite to the effect produced by colloids during the de- 
position of other metals — it may, in other words, have a general 
application. But the author’s immediate concern is with a 
particular metal deposited from a particular bath. 

3. The forms of the separated colloid. — It is well known 
that colloidal substances, present in a solution, are carried 
over into the deposited metal.® Mathers states that in the 
perchlorate bath the colloid-peptone becomes “used up,’’ 
and it is necessary to add quantities of it periodically, the 
quantities being roughly proportional to the amounts of lead 
deposited. The separation, in the above experiments, of 

* Cf. W. D. Bancroft: Chcm. Met. Eng., 23, 454 (1020). 

* Cf. S. A. Tucker and E. G, Thonunsen: Trans. Am. Electrochem. Soc., 
15t 477 (1909), and S. A. Tucker in the discussion on Kern's paper (op. cit . at 
p. 476). 
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large pieces of skin-like substance during the etching shows 
that this must exist in the deposit in the form of one or more 
layers, and there is here, therefore, a structure something 
similar to that observed by G. Grube and V. Reuss' in their 
examination of copper deposited from solutions containing 
gelatin.’ It seems to the author inconceivable that a layer 
of the skin-like substance, having an area as large or almost 
as large as that of the cathode, could have become separated 
in consequence of the etching, unless it existed in the metal 
as a layer formed somehow dtuing the process of deposition. 
And especially does this seem true when it is considered that 
no special care was taken and a high current density (which 
may be considered as equivalent to rough treatment) was 
employed. The mode of formation of such layers as these 
found by Grube and Reuss and by the author is a matter of 
the greatest interest; but it is one that deserves to be treated 
with respect. Hurriedly built theories based upon an alto- 
gether insufficient foundation of facts are not likely to be 
other than confusing.* The only deduction that the author 
feels justified in drawing from the facts is that ihe separation 
of colloid is not haphazard. The separation of the colloid occurs 
in such a ivay that it is able to form one or more continuous layers 
in the deposit, instead of being contained in this in the form of 
a number of very small pieces caught up by the metal and, thus, 
by chance, as it were, enclosed in it during its formation. The 
examination with the microscope has led the author to the 
belief that, as a matter of fact, small particles of colloid are 
contained in the deposit, but not through chance separation. 
Small particles of colloid appear to a part of the content of 
the cells. It is an observed fact that, where the eternal smr- 
face of the deposit faces the cathode diuing etching, small 
particles of colloi d separate dtuing the first and greater part 

> Zeit. Eldctrocbemie, 27, 46 (1921). 

* Grube and Reuss, working with copper sulphate ccmtaining gelatin, 
obtained different results from those gotten by A. Sieverts and W. Wippelnuum, 
from baths of like composition. Naturally, therefore, the explanations vary. 
G. Grube; Zeit. Eldctrochemie, 27, 15 (1921), Sieverts and Wippelmann: Zeit. 
anorg. Chem., 91, 1 (1915). 
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of the etch period. On the other hand, where the internal 
surface faces the cathode, the continuous “skin” is first formed, 
and, subsequently, the colloid separates as small particles. 
These facts suggest that in both cases the small particles come 
from the contents of the cells. 

4. The number of continuous layers of colloid. — ^The ob- 
servations made during the experiments point to the existence 
of only one continuous layer of colloid in the deposit, and they 
indicate, further, that this is formed very near the cathode 
sm-face. The deposit of Samples 1 and 3 (of the table) was 
0.018 inches thick, so that it would seem that in a deposit of 
that thickness or less only one continuous layer is formed. 
The author abstains from drawing any theoretical deductions 
from the facts just mentioned; a study of the cathode phe- 
nomena during the deposition is being pursued, and this, it 
is hoped, will throw some light upon the way in which the 
continuous layer comes to be formed. 

Summary 

The twofold structiure of the lead deposited from Mathers’ 
perchlorate bath is described; and certain deductions are 
stated which are based (1) upon the observ^ations made during 
the disclosure of the structure by electrolytic etching, and 
(2) upon the study of the structure itself. 

The author wishes to express his indebtedness and thanks 
to Professor F. C. Mathers for kindly sending him several 
samples of lead deposited from the perchlorate bath, and also 
for information of a general kind respecting it. 

Imperial College 
Royal School of Mines 

London, November, igij 



CATALYTIC PREPARATION OF AZOBENZENE AND 

ANILINE 

BY C. O. HENKE AND O. W. BROWN 

IntFoduotion 

In two previous papers we have given the results of some 
studies on the reduction of nitrobenzene to aniline by hydrogen 
in the presence of several different catalysts and have deter- 
mined several of the factors affecting the activity of the nickel 
and copper catalysts as measured by the yields of aniline pro- 
duced.^ In this paper we shall give the results of some studies 
on the reduction of nitrobenzene to azobenzene and aniline in 
the presence of lead and bismuth catalysts and the effect of the 
physical condition of the catalyst on its activity. 

Experimental Details 

The apparatus used was the same as that described in our 
first paper. The azobenzene condensed to some extent in the 
end of the catalyst tube. In order to prevent this it was sur- 
rounded by an electric heating jacket about 4V4 inches long 
and 3V2 inches in diameter. This kept the temperature in the 
tube near 200 ° and prevented the products from condensing in 
the tube. The azobenzene is solid and clogs up the glass tube be- 
tween the condenser and the flask. To avoid this difficulty 
the glass tube was taken off the condenser which was then 
turned around so that the short side-tube would stick upward 
instead of downward. To aid in condensing the products the 
condenser was kept about a fourth full of water. The solid azo- 
benzene was washed out of the condenser, filtered out, al- 
lowed to dry and weighed. When an experiment was car- 
ried out under conditions where there was incomplete reduction 
some of the azobenzene was dissolved by the undissolved 
azoxybenzene and nitrobenzene. However these conditions 
are unfavorable both for the production of aniline and of 

^ Brown and Henke: Jour. Phys. Chem., 26 , 161, 272 (1921). 
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azobenzene so that the error introduced here is immaterial. 
The aniline was left in the filtrate from the azobenzene. This 
was transferred to a graduated liter flask and the amount of 
aniline determined by titration with tenth-molar sodium ni- 
trite as described in our first paper. 

Expeplmental Results with Lead as Catalyst 

The catalyst used to determine the best temperature for 
’ the reduction with lead as catalyst was prepared by reducing 
orange mineral in hydrogen at 270 ° for about an hour. Orange 
mineral is an extremely finely divided red lead which is made by 
roasting sublimed litharge. Thirty- two grams of this material 
were used, the catalyst tube being an iron pipe. The results 
of several experiments at different temperatures are given in 
Table I. The experiments are given in the order in which 

Table I 

Catalyst — ^lead from orange mineral. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — t grams per hour. 

Excess of hydrogen — 680%. 


Temperature of 
catalyst ° C 

Material yield of 
azobenzene in % 
of theory 

Material yield of 
aniline in %, of 
theory 

Total material 
yield in % of 
theory 

270 

20.3 

27.1 

47.4 

270 


14.5 

14.5 

270 


35.6 

35 . 6 

290 

29.5 

54.8 1 

84.3 

290 

33.8 

35.0 

68.8 

, 290 

32.0 

61.7 

93.7 

290 

29.6 

67.5 

97.1 

290 

32.1 

54.9 

87. 0 

290 

20.8 

78.2 

99.0 

290 

7.2 

88.0 

95.2 

290 

12.5 

74.4 

86.9 

290 

15.1 

71.6 

86.7 

308 

4.0 

92.7 

96.7 


they were carried out. In the blank spaces in Table I (as in 
all the other tables also) the yield of azobenzene was small 
and was not determined. 

The results of Table I are not at all regular and do not 
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check. However with each increase in temperature there is 
an increase in 5 Tield of aniline. At 308°, which is the highest 
temperature used with this catalyst, the aniline yield is 92.7% 
and the azobenzene yield is 4%, making a total material yield 
of 96.7%. This high total material yield compares very 
favorably with that secured with the nickel, copper and silver 
catalysts. The azobenzene yield is highest at 290°; increasing 
the temperature to 308° decreased the azobenzene yield mate-, 
rially, while at 270 ° it decreased to practically nothing in the sec- 
ond experiment. This indicates that 308° is too high a tem- 
perature for the production of azobenzene and 270° is too low. 
Several of the experiments at 290° gave good yields of azoben- 
zene but the yields seemed to decrease with use, although not 
so rapidly as at 270°. It will be noted that each time (except 
in the third experiment at 270°) the yield of azobenzene in- 
creases the aniline yield decreases and vice versa. 

The effect of the method of preparation of the catalyst on 
its activity when used in an iron tube is shown by the results 
of Table II. Catalyst C2b consisted of 27 grams of sublimed 
litharge with an apparent density of 11.7.‘ Sublimed lith- 
arge is made by volatilizing lead and then allowing the fumes 
to bum to the oxide which produces a very finely divided ma- 
terial. Catalyst C2a consisted of 38 grams of red litharge with 
an apparent density of 26.0. Red litharge is made by allowing 
molten litharge to solidify slowly. The solidified mass is 
then ground to a fine powder. Catalyst CIO consisted of 55 
grams of yellow litharge with an apparent density of 32.9. The 
yellow litharge* was also molten in one stage of its manufacture 
but, instead of allovring the molten mass to solidify slowly by 
slow cooling, it is dropped onto cold iron plates and cooled 
quickly, after which it is ground to a fine powder. Catalysts 
C2a and CIO were heated in hydrogen at 290° for about an 
hour before being used in the experiments listed in the table, 

‘ As determined by Dr. Schaeffer's modification of the Scott volumeter. 

' The yellow, red and sublimed litharges, the orange mineral and several 
of the other catalysts used in this work were furnished by Dr. Schaeffer of the 
Bagle-Picher Dead Co. 
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while catalyst C2b was heated for 6 hours in hydrogen at that 
temperature before use. In each case the catalyst tube was 
an iron pipe. 

Table II 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — ^3.9 grams per hour. 

Excess of hydrogen — ^710%. 


Experiment 

number 

Temperature 
of catalyst 


Material yield 
of aniline in 
% of theory 

Total material 
yield in % 
of theory 

5C2b(Sub. L.) 

290 

45.1 

.53.6 

98.7 

6C2b 

290 

40.6 

41.4 

82.0 

7C2b 

290 

40.0 

26.3 

66.3 

8C2b 

290 

39.3 

27.9 

67.2 

lC2a (Red E ) 

290 


53.6 1 

53.6 

2C2a 

310 


28.8 

28.8 

129C10 (Yel. L.) 

290 

35.. 3 

54.2 

89.5 

130C1() 

290 

39.5 

45.7 

85.2 

131C10 

290 

.32.8 

61.6 

94.4 

132C10 

290 

40.0 

47.0 

87.0 

133C10‘ 

310 

20.7 

71.3 

92.0 

135C10‘ 

290 

33.4 

59.9 

93.3 

140C10 

290 

15.1 

73.0 

88.1 

143C10 

290 

7.4 

74.6 

82.0 

144C10 

310 

1.0 

80.5 

81.5 

145C10 

310 


84.6 

84.6 

146C10 

290 

o’. 5 

85.2 

85.7 


The catalysts from sublimed litharge and yellow litharge 
are much better than the one from red litharge, the latter 
giving but small amounts of azobenzene in both experiments 
while both of the former gave considerable amounts of azoben- 
zene in several experiments. Also the catalyst from red lith- 
arge, after the first experiment gave very low aniline yields, the 
experiment at 310° giving but 28.8% while the experiment 
with the catalyst from yellow litharge at 310° gave 71.3% 
aniline. The azobenzene yields with the catalyst from sub- 
limed litharge at 290° were a little higher than those with the 
catalyst from the yellow litharge. However with both cat- 
alysts the azobenzene yield decreased with use. Also in ex- 

•The experiments not listed were carried out with different rates of 
hydrogen and nitrobenzene and are not comparable to those in the table. 
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periment 5C2b there was no azoxybenzene while in the three 
following experiments with this catalyst azoxybenzene was pro- 
duced besides the aniline and azobenzene. The yields of 
azoxybenzene were not determined. With catalyst C2b 
(from the sublimed litharge) when the azobenzene yield de- 
creased the aniline yield decreased also; while with catalyst 
CIO, which was the catalyst from the yellow litharge, when the 
azobenzene yield decreased the aniline yield increased, even 
up to 85.2% in the last experiment. Also the total material 
yield was higher with the catalyst from the yellow litharge than 
with the one from the sublimed litharge. This would indicate 
that the catalyst from the yellow litharge was a little more 
active than the one from the sublimed litharge while the one 
from red litharge is far below either one of these two in activity. 

A catalyst was prepared by reducing 26 grams white lead 
for one hour in hydrogen at 290 ° . The white lead was prepared 
by electrolysis from a bath consisting of 12 grams sodium 
acetate, 3 grams sodium carbonate and 2 grams peptone per 
liter. Lead electrodes were used. The ciurent density was 2 
amperes per square decimeter. A stream of CO 2 was passed 
through the solution during electrolysis. The resulting white 
lead was a fine amorphous product. This catalyst, in an iron 
tube, gave good material yields in the first few experiments but 
its activity decreased very rapidly with use and later at 310° 
with 4 grams introbenzene and 17 liters hydrogen per hoiu: 
gave only 59% 5 delds of aniline with practically no azo- 
benzene. This would place this catalyst near the bottom in 
the scale of activity, its aniline yields being a little better 
than those with the catalyst from red litharge at this same 
temperature. 

Another catalyst wsis prepared from an amorphous red 
lead. This red lead contained 32.46% Pb 02 and had an ap- 
parent density of 16.5. It was a commercial product and had 
been prepared by roasting white lead residues. Fifty-seven 
grams of this niaterial were put in the furnace and reduced at 
270. The catal 3 rst tube was again an iron pipe. This catalyst 
was used in a few experiments at 270° and was then used at 
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290°. The second experiment at 290° with 17 liters hydrogen 
and 3.9 grams nitrobenzene per hour gave a total material 
yield of 94.6%. It was then used with different rates of 
hydrogen and nitrobenzene but its activity increased and in 
the eleventh experiment at 290°, which was carried out under 
the same conditions as the second experiment, the yield of 
azobenzene was only 4 . 7% while the yield of aniline had in- 
creased to 87.3%, making a total material yield of 92. 0%. 
Thus at 290° the yields of azobenzene decreased while the yields 
of aniline increased. 

When this catalyst was used at 308 ° the yield of aniline was 
96 .5% with practically no azobenzene. Thus this catalyst at 
308° gave 4.5% higher yields of aniline than the first catalyst. 
This first catalyst had been prepared by roasting sublimed 
litharge. This litharge had been made by subliming lead and 
allowing the lead fumes to burn to the oxide, which gives an 
extremely finely divided material. The catalyst from the 
red lead that was made from white lead, which had never been 
heated to as high a temperature in its preparation as had the 
sublimed litharge, showed the higher activity. In fact its 
activity was so high that it led to the production of aniline 
instead of azobenzene. Also the azobenzene yields at 290° 
decreased more rapidly with this catalyst than with the one 
from orange mineral, made by roasting sublimed litharge. 
This would indicate that of these two catalysts from red lead, 
the one from the red lead made from sublimed litharge is the 
better for producing azobenzene while the one from red lead 
made from white lead is the better for producing aniline. 

The catalyst from red lead made by roasting white lead 
was much more active than the one made from white lead di- 
rectly, the latter giving only 59% yields of aniline while the 
former under the same conditions gave 96.5% aniline. The 
catalyst from orange mineral (see Table I) gave higher aniline 
yields but lower azobenzene yields than the catalyst from the 
sublimed litharge directly (see Table II, catalyst C2b). Also 
the former gave higher total material yields than the latter. 
This would indicate that the catalyst from the red lead made 
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by roasting sublimed litharge had a higher activity than the 
catalyst from sublimed litharge directly. Hence in both these 
instances the catalyst from the red lead had a higher activity 
than the catalyst from the litharge and white lead, from which 
the red leads were made. 

On comparing the yields of azobenzene with the different 
catalysts it will be seen that the catalyst from the sublimed 
litharge gave the highest yield, with the one from yellow 
litharge a close second. However the much higher aniline 
yields with the one from the yellow litharge would place this 
catalyst before the one from sublimed litharge for making 
azobenzene. For producing aniline the catalyst from the 
red lead from white lead is best with the one from the red lead 
made from sublimed litharge a close second. 

Lead was the first catalyst that was found to produce 
azobenzene. The yield of azobenzene was high at first 
but decreased with use. Azobenzene, when made by elec- 
trolysis from nitrobenzene, is produced only in an alkaline 
solution. Lead oxide is alkaline in reaction. This suggested 
that the formation of azobenzene by the lead catalyst might 
be due to the alkalinity of the lead oxide. On this theory the 
decrease in yield of azobenzene could be easily explained. If 
the red lead was not completely reduced to the metal, the 
unreduced oxide might make the catalyst alkaline which should 
result in the formation of azobenzene. At 290 ° in the presence 
of hydrogen these last traces of oxide are slowly reduced to 
metallic lead. As the oxide is reduced the alkalinity is reduced 
and the yield of azobenzene should diminish while the yield 
of aniline should increase. 

With this idea in mind the effect of adding sodium hy- 
droxide and magnesium oxide to the red lead was tried. 
The red lead used was that obtained from white lead by roast- 
ing. Catalyst C5 consisted of 57 grams of the original red 
lead. Catalyst C6 of Table III contained 0.27% NaOH. It 
was prepared by adding 18.9 cc of a sodium hydroxide solu- 
tion (containing .3 gram of NaOH) and 150 cc water to 110 
grams of red lead and then digesting the mixture in the cold 
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for about one hour with stirring. It was then evaporated on 
a hot plate and 70 grams of the dried material put in the 
furnace. Catalyst C7 contained 5% NaOH, 57 grams of 
the dried material being used. Catalyst C8 consisted of ^/g 
red lead and Vg magnesium oxide. The magnesium oxide 
used was a light fluffy material. The two were thoroughly 
mixed by grinding them together in a mortar. Twenty-three 
grams of the mixture were used. An iron tube was used each 
time and each catalyst was reduced by heating in hydrogen 
at 290° for about an hour before use. 

Table III 

Temperature of catalj'st — 290*’. 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — 4 grams per hour. 

Excess of hydrogen — 680%. 


Catalyst 

Material yield of 
azobenzene in % 
of theory 

Material yield of 
aniline in [{> of 
theory 

Total material 
yield in Vc of 
theory 

C5> 

37.5 

57.1 

94.6 

C51 

4.7 

87.3 

92.0 

C6 (.27% NaOH) 

30.4 

45.4 

75.8 

C6 (.27% NaOH) 

34.7 

40.7 

75.4 

C6 (.27% NaOH) 


77.6 


C6 (.27% NaOH) 

19.3 

74.7 

94.0 

C6 (.27% NaOH) 

19.2 

72.8 

92.0 

C7 (5% NaOH) 

19.0 

18.0 

37.0 

C7 (5% NaOH) 


15.1 

15.1 

C8 (‘A MgO) 

32.5 

19.5 

52.0 

C8 (Vs MgO) 

26.3 

21.4 

47.7 

C8 (Va MgO) 

19.7 

69.4 

89.1 

C8 (Vg MgO) 

* 

59.9 


C8 (Vg MgO) 

ii’5 

81.0 

92.5 


From the results of Table III it will be seen that the addi- 
tion of 5% NaOH was decidedly injurious while 0 . 27% had no 
appreciable effect. The magnesium oxide likewise failed to 
produce the desired result. With catalysts C6 and C8 the 
total material yield increased with use and aniline yield in- 

* Between these two experiments eight others were carried out with 
different rates of flow of hydrogen and nitrobenzene. 

The azobenzene yield was not determined in these two cases. 
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creased even to a greater extent, while the azobenzene yield 
decreased. 

All of the above experiments were carried out with the 
catalyst in an iron tube. Several of these catalysts were also 
used in a glass combustion tube. When a glass tube was sub- 
stituted for the iron tube the hydrogen and the capillary tube 
were led into the catalyst tube by means of a glass T tube. 
The connection between the glass combustion tube and the T 
tube was made by a short piece of rubber tubing, the combus- 
tion tube extending out of the furnace about 4 inches. The 
one end of the glass T tube did not extend into the furnace 
but the capillary tube extended into the furnace as before. 

The results with different catalysts in a glass tube are 
given in Table IV. Catalyst C45 was prepared from 46 
grams of red lead made from white lead by reducing in hydro- 
gen for one hour at 290° before use, and catalyst C46, which 
was prepared from the same material as C45, was heated in 
hydrogen at 308° for one hour before use. Catalyst C24 con- 
sisted of 34 grams of orange mineral made from sublimed 
litharge. Results with this catalyst in an iron tube were given 
in Table I. A very heavy litharge with an apparent density 
of 37.5 was also used in both iron and glass tubes. Catalyst 
C27 consisted of 52 grams of this heavy litharge in an iron 
catalyst tube while C43 consisted of 52 grams of the same ma- 
terial in a glass tube. Catalyst C26 was a mixture consisting 
of 50% heavy litharge and 50% of iron filings. The iron filings 
had previously been heated at about 310 ° m a current of hydro- 
gen and nitrobenzene vapors for about 3 hours. Forty-nine 
grams of this mixture were used in the furnace. Catalyst 
C19 consisted of 48 grams of the heavy litharge but in front of 
this column of catalyst was placed a column of iron filings of 
about equal length and consisting of 39 grams of the filings. 
So the vapors in the case of C19 first pass over the column of 
iron filings and then over the column of catalyst. 

The results with the catalysts in a glass tube are alto- 
gether different from those with the catalysts in an iron tube. 
In an iron tube the catalyst from red lead made from white 
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lead at 308° and with the same rates of hydrogen and nitro- 
benzene gave a 96.5% yield of aniline with practically no azo- 
benzene. The iron seems to have had a tremendous influ- 
ence increasing the activity of the lead. The effect of the iron 
is not merely additive. At 302° in a glass tube the yield of 
aniline was only 4.1% with practically no azobenzene while 

Table IV 


Rate of flow of hydrogen — 17 liters per hour. 
Rate of flow of nitrobenzene — 4 grams per hour. 
Excess of hydrogen — 680%. 


Catalyst 

Temperature 
of catalyst 
oc 

Material yield 
of azobenzene 
in % of theory 

Material yield 
of aniline in 
% of theory 

Total material 
yield in 
of theory 

C45 

302 


4.1 

4.1 

C45 

302 


4.7 

4.7 

C45 

320 

37. 3 

57.0 

94.3 

C45 , 

320 

32.2 

6:^3 

9.5.. 5 

C45 

320 

30.2 

05.8 

96.0 

C46 

320 

3G.9 

52 0 ^ 

88.9 

C46 

320 

33.9 

41.4 

7.5.3 

C46 

320 

37.0 

•>6.4 

93.4 

C4G 

320 

29.2 

37.3 

66 . 5 

C24 

283 


0.6 

0.6 

C24 

283 

1 • « • « 

G.O 

6.0 

C24 

302 

38.2 

24.1 

62.3 

C24 

302 


11.9 

11.9 

C24 

302 


17.9 

17.9 

C24 

302 


17.. > 

17 . .5 

C27 (Iron tube) 

283 


2.5.7 

2.5.7 

C27 (Iron tube) 

302 


39.8 

39.8 

C27 (Iron tube) 

320 


4.). 7 

4.5.7 

C43 

320 

42^5 

46.7 

89.2 

C43 

320 


19.7 

19.7 

C2G 

283 


30.1 

.30.1 

C2G 

302 


26.0 

26.0 

C19 

283 

8’7 

83.7 

92.4 

C19 

302 

17.7 

68. 6 

86.3 


in an iron tube at 290° the second experiment gave a 37.5% 
yield of azobenzene and a 57.1% yield of aniline making a 
total material yield of 94.6%. The activity of the catalyst at 
302°, instead of being less, should have been greater than at 
290°. In our first paper it was shown that an empty iron tube 
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at 300° gave about 15% material yields of aniline, so that this 
tremendous increase in activity of the lead catalyst when used 
in an iron tube instead of glass is surely not merely the added 
activity of the iron. 

In each case in this table the catalyst when used in a glass 
tube gave higher yields of azobenzene and lower yields of aniline 
than when used in an iron tube. However in a glass tube the 
yield of azobenzene decreased very rapidly with use while the 
aniline yield decreased also. Thus the catalyst from heavy 
litharge in glass (C43) gave a high yield of azobenzene, 42.5%, 
in the first experiment but practically nothing in the second 
experiment. At the same time the aniline yield decreased 
from 46.7% to 19.7%. In an iron tube this same heavy 
litharge catalyst (C27) gave practically as high a yield of 
aniline in the third experiment as it did in the first experiment 
when used in glass. The azobenzene yield cannot be com- 
pared in this case for the first experiment in the iron tube was 
carried out at a lower temperature than the first experiment 
in the glass tube. The azobenzene yield in iron and glass 
can however be compared with the catalyst from orange min- 
eral that was made from sublimed litharge. The results writh 
this catalyst in an iron tube were given in Table I. The re- 
sults with this same catalyst in a glass tube are given in Table 
IV under catalyst C24. The results are similar to those where 
the heavy litharge was used. The catalyst from orange 
mineral gave 38.2% yield of azobenzene and a 24.1% yield of 
aniline in the third experiment when used in glass while the 
highest azobenzene yield when used in iron was 33.8% with 
a 35% 5 deld of aniline. The azobenzene yield is increased and 
the aniline yield decreased when used in a glass tube. How- 
ever both decrease very rapidly with use and in the second 
experiment in glass at 302° the azobenzene yield is practically 
nothing, while when used in iron the yield of azobenzene was 
maintained for several experiments and the yield of anilinp 
increased to 88.0%. 

Catalysts C26 and C19 were both used in glass tubes. 
Catalyst C26 consisted of a mixture of the heavy litharge 
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with iron filings while in C19 the iron filings were placed in 
front of the litharge. Mixing the iron filings with the litharge 
was decidedly detrimental while the placing of the filings in 
front of the litharge in C19 was beneficial, the second experi- 
ment at 302° giving 17.7% azobenzene and 68.6% aniline, 
while the second experiment at 320° with the catalyst C43, 
which was exactly like C19 but without the column of iron 
filings, gave only 19.7% aniline and practically no azobenzene 

Table V 


Rate of flow of hydrogen — 17 liters per hour. 
Rate of flow of nitrobenzene — 4 grams per hour. 
Excess of hydrogen — 680%. 


Catalyst from 

Temperature 
of catalyst 

Material yield 
of azobenzenc 
in % of theory 

Material yield 
of aniline in 
% of theory 

Total material 
yield in % 
of theory 

Pbf) 

320 

42..) 

46 7 

89.2 

PbO 

320 


19.7 

19.7 

PbO ^%Fe,03 

300 

24.9 

27.9 

52.8 

PbO H%Fe50, 

300 


9.7 

9.7 

PbO J^%Fe20., 

320 

25 0 

4.3.7 

70.7 

PbO l^%,Fe203 

320 

28.0 

44.8 

72.8 

PbO K%Fe303 

340 

22.2 

73.9 

90.1 

PbO 5%,Fe203 

300 


.37.6 

.37.6 

PbO 5%Fe30, 

3(K) 

.3.2 

23.2 

28.4 

PbO 5%Fe80* 

320 

! 

83.7 

83.7 

PbO o%Fe20, 

340 


88.4 

88 4 

PbO 2%CuO 

300 

14.7 

22.6 

37.3 

PbO 2%CuO 

300 


8. .5 

8.5 

PbO 2%CuO 

320 

14*8 ; 

3.3.4 

50.2 

PbO 2%CuO 

320 

1 

.... 1 

29.1 

1 29.1 

PbO 2%CuO 

340 

23.2 i 

72.7 

95.9 

PbO 2%CuO 

340 

20.3 I 

74.5 

94.8 

PbO 2%CuO 

360 

i 

90.3 

90.5 

PbO r>%CuO 

300 

1 

13.7 

15.7 

PbO 5%CuO 

300 

. • . • 

6.3 

6.3 

PbO 5%CuO 

320 


28.8 

28.8 

PbO 5%CuO 

340 


42.6 

42.0 


In order to avoid the effect of the iron tube a glass tube 
was used to study the effect of mixing iron and copper oxides 
with the heavy litharge. The ferric oxide was prepared from 
ferric nitrate by precipitation with ammonium hydroxide, 
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the oxide being dried in an oven at 110°. The copper oxide 
was prepared by ignition of the nitrate at 470°. The 
results are given in Table V. 

The activity of the catalyst with the V 2 % of Pe^Os as 
measured by both the azobenzene and aniline yields did not 
decrease as rapidly as it did without the addition of the Vj% 
FezOj. Thus in the second experiment at 320° with V 2 % 
FejOs the azobenzene yield was 28% and the aniline 5 deld 
44.8% while without the addition of the V 2 % FejOs the second 
experiment at 320° gave practically no azobenzene and only 
19.7% aniline. The half per cent of ferric oxide increased 
both the azobenzene and aniline yields. However a larger 
amount of the ferric oxide, 5%, caused a large decrease in 
azobenzene yield and a correspondingly large increase in aniline 
yield. With 5% ferric oxide the effect of the iron catalyst 
seems to be secured instead of the effect of the lead, as the azo- 
benzene yield is decreased to practically nothing. When 
copper oxide was used the addition of 2% seemed to decrease 
the activity of the catalyst for producing both azobenzene and 
aniline. Likewise 5% of CuO caused a decrease in both azo- 
benzene and aniline yields, while 5% ferric oxide caused a de- 
crease in yield of azobenzene but an increase in yield of aniline. 

It will be noted that these catalysts have been used above 
the melting point of lead, the one with 2% CuO being used 33° 
above its melting point. Also the lead catalyst containing 2% 
CuO was quite active, giving a yield of 90.5% aniline, when used 
at 360°, 33° above its melting point. One would have ex- 
pected that the particles of lead would have coalesced and run 
together when heated in hydrogen above their melting point 
and that this would have resulted in the catalyst losing its 
activity. However this did not happen and one could not tell 
by inspection that the catalyst had been used above its melt- 
ing point as it was simply a loose mass of black powder. The 
fine particles of lead were 33° above the melting point of mas- 
sive lead, yet something kept the particles from coalescing 
and running together. An oxide film is known to keep metals 
from coalescing but one would hardly expect to find an oxide 
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film on lead at a temperature of 360° in an atmosphere of 
hydrogen. 

This was the behavior of the catalyst from the heavy lith- 
arge. The catalyst prepared from red lead that had been 
made from white lead acted differently. This catalyst after 
it had been heated to its melting point contained many little 
spheres of bright metallic lead and in a few places 2 to 5 
grams had run together and formed a solid mass of bright me- 
tallic lead. This indicated that the particles of lead started 
to coalesce when heated to their melting point. This catalyst 
was not used above the melting point and had been heated to 
that temperature by accident. However it does show that 
the physical condition of the material from which the catalyst 
was made determines to a Ijirge extent whether or not the 
catalyst can be used above its melting point. 

A study was made of the effect of the fineness of grain of 
the lead catalyst upon its activity. For this study a red lead 
with an apparent density of 16.63 was chosen. Eight hundred 
grams of this red lead were floated in water and separated 
into three portions. Fifty-three grams of the coarsest or 
heaviest constituted one portion, 32.5 grams of the finest or 
lightest constituted another portion and the balance of the 
800 grams made up the middle portion. Catalysts were then 
prepared from the original red lead, from the coarsest portion 
and from the finest portion. The results with these different 
catalysts are given in Table VII. Catalyst C35 consisted 
of 36 grams of the original red lead, catalyst C15 consisted of 
32 grams of the fine portion and catalyst C25 consisted of 41 
grams of the coarse portion. Each catalyst was heated in 
hydrogen at 285° to 290° for one hour before use. The ex- 
periments are listed in the order in which they were carried out. 

The results of Table VI show that the more finely divided 
the red lead (within the limits studied) the more active it is 
after reduction. The catalyst from the lightest red lead pro- 
duced by far the highest total material yield and the highest 
aniline yield. Its yield of azobenzene was slightly lower than 
that of the catalyst from the original when used at a temper- 
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ature 6 degrees lower than the temperature at which the orig- 
inal was used. In fact the activity of the catalyst from the 
most finely divided red lead at 322° is so great that it carries 
on the reduction farther than the azobenzene stage and pro- 

Table VI 


Rate of flow of hydrogen — 17 liters per hour. 
Rate of flow of nitrobenzene — 1 grams per hour. 
Excess of hydrogen — 680%. 


Catalyst from 

Temperature 
of catalyst 
°C 

Material yield 
of azobenzene 
in % of theory 

Material yield 
of aniline in 
of theory 

Total material 
yield in Vc 
of theory 

C15 (Fine) 

285 


3.1 

3.1 

C15 (Fine) 

285 


3.1 

3.1 

C15 (Fine) 

303 


11.3 

11.3 

C15 (Fine) 

303 


20.1 

20.1 

C15 (Fine) 

322 

23.6 

70.5 

04.1 

C35 (Orig.) 

290 


3.1 

3.1 

C35 (Orig.) 

290 


3.1 

3.1 

C35 (Orig.) 

310 


11.9 

11.9 

C35 (Orig.) 

310 


6.6 

6.(i 

C35 (Orig.) 

328 

26.7 

45.7 

72.4 

C25 (Coarse) 

285 


5.9 

5.9 

C25 (Coarse) 

285 


5.0 

5.6 

C25 (Coarse) 

.303 


8.5 

8.5 

C25 (Coarse) 

303 


6.9 

0.9 

C25 (Coarse) 

.340 


17.5 

17.. 5 


duces over 70% aniline. The decrease in yield with the catalyst 
from the heavy red lead is very marked, the total material 
5 deld at 340° being only 17.5% while that with the lightest 
red lead at 322° is 94.1%. 

When a lead catalyst that had been used at about 310 ° was 
taken out of the furnace, the end of the column of catalyst with 
which the nitrobenzene vapors first came in contact had been 
converted to litharge. The amount of litharge was not the 
same each time but frequently about the first inch of the 
column was litharge and the rest of the column black metallic 
lead. The litharge extended through the material and not 
just a little on the outside, which indicated that the gaseous 
mixture had penetrated into the mass of the catalyst an d baH 
not just passed over the top of it. When catalyst C25 was taken 
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out of the furnace after it had been used at 340 ° the end of the 
column of catalyst had not been converted to litharge but to 
red lead. This formation of litharge and red lead indicates 
that the nitrobenzene is partially reduced by the direct ac- 
tion of the lead. 

A lead catalyst which had lost its activity could be ac- 
tivated to some extent by merely beating in hydrogen. The 
iron and antimony catalysts of the previous paper acted in a 
somewhat similar manner. 

The effect of the method of preparation of the catalyst 
on its activity when used in glass is shown by the results of 
Table VII. Catalyst C44 was prepared from 39 grams of 
red litharge of an apparent density of 26.0. Catalyst C33 was 
prepared from 45 grams of yellow litharge of an apparent den- 
sity of 31.9. Catalyst C34 was prepared from 26 grams of 
sublimed litharge of an apparent density of 11.7. Catalyst 
C14 was prepared from 46 grams of red lead made from red 
litharge. It had an apparent density of 22.0. Catalyst C24 
was prepared from 34 grams of orange mineral. It had an 
apparent density of 11.4. Catalyst Cl 6 was prepared from 
26 grams of an amorphous white lead made by electrolysis 
as previously described. 

From the results of Table VII it will be seen that the 
catalyst from the sublimed litharge, C34, gives better ma- 
terial yields of azobenzene and aniline than the catalysts 
from either the red or yellow litharges. It is the only one of 
the three that gave an appreciable amount of azobenzene 
after the first experiment. In the first experiment the catalyst 
from the yellow litharge gave a slightly higher yield of azoben- 
zene than the catalyst from the sublimed litharge. The latter 
in all instances except in the second experiment with the 
catalyst from yellow litharge gave the highest yields of aniline. 

The catalyst from the yellow litharge gave a 55.4% yield of 
azobenzene in the first experiment, while the catalyst from the 
red litharge did not give an appreciable amount of azobenzene 
in any experiment. Also the latter did not give as high aniline 
yields in any experiment as the former. This would place the 
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catalyst from the sublimed litharge as the best of the litharge 
catalysts and the one from the red litharge as the poorest for 
the production of both azobenzene and aniline. 


TABI.E VII 

Rate of flow of hydrogen — 17 liters per hour. 
Rate of flow of nitrobenzene — 4 grams per hour. 
Excess of hydrogen — 680%. 


Catalyst 

Temperature 
of catalyst 
C 

Material yield 
of azobenzene 
in % of theory 

Material yield 
of aniline in 
% of theory 

Total material 
yield in % 
of theory 

C44 (Red E.) 

300 

— 

15.7 

15.7 

C44 (Red L.) 

300 

— 

4.1 

4.1 

C44 (Red E.) 

320 

— 

21.9 

21.9 

C44 (Red.E.) 

320 

— 

9.7 

9.7 

C44 (Red E.) 

320 

— 

9.1 

9.1 

C44 (Red E.) 

320 

— 

9.1 

9.1 

C33 (Yel. E.) 

290 

55.4 

20.0 

81.4 

C33 (Yel. E.) 

290 

— 

9.7 

9.7 

C33 (Yel. E.) 

310 

— 

27.3 

27.3 

C33 (Yel. E.) 

310 

— 

13.8 

13.8 

C33 (Yel. E.) 

310 

— 

10.0 

10.0 

C33 (Yel. E.) 

310 

— 

10.0 

16.0 

C34 (Sub. E.) 

290 

54.9 

26.3 

81.2 

C34 (Sub. E.) 

290 

— 

5.0 

5.0 

C34 (Sub. E.) 

310 

34.4 

01.1 

95.5 

C34 (Sub. E.) 

310 

29.6 

37.0 

60.0 

C34 (Sub. E.) 

310 

10.4 

30.1 

40.5 

C34 (Sub. E.) 

310 

— 

30.4 

30.4 

C14 (Red lead 

285 

— 

2.8 

2.8 

from red 
litharge) 





C14 (Red lead 

285 

— 

1.3 

1.3 

from red 
litharge) 





C14 (Red lead 

303 

45.6 

27.3 

72.9 

from red 
litharge) 





C14 (Red lead 

303 

— 

12.5 

12.5 

from red 
litharge) 





C14 (Red lead 
from red 

303 


12.5 

12.5 

litharge) 
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Tablb VII {Concluded) 


C14 (Red lead 

303 

— 

10.3 

10.3 

from red ^ 

litharge) 





C24 (Orange 

285 

— 

0.0 

0.6 

Min.) 





C24 (Orange 
Min.) 

285 

— 

6.0 

6.0 

C24 (Change 

303 

38.2 

24.1 

62.3 

Min.) 





C24 (Orange 

303 

— 

11.9 

11.9 

Min.) 





C24 (Orange 

303 

— 

17.5 

17.5 

Min.) 





C16 (White L.) 

2a5 

29.9 

00.8 

90.7 

CT6 (White L.) 

285 

22.2 

44.5 

00.7 

C16 (White h.) 

.303 

21.0 

74.9 

94.9 

CIO (White Iv.) 

30.3 

22.4 

71.8 

94.2 

CIO (White L.) 

303 

19.1 

72.4 

91.5 


The catalyst from the white lead is very much more ac- 
tive than the one from sublimed litharge. The catalyst from 
white lead in the second experiment at 285° gave a 22.2% 
yield of azobenzene while the one from sublimed litharge gave 
no appreciable amount of azobenzene in the second experiment 
at 290°. In the first experiment the catalyst from the sub- 
limed litharge gave a 54.9% yield of azobenzene while that 
from white lead gave only a 29.9% yield of azobenzene. 
However the latter catalyst in the same experiment gave 60.8% 
aniline while the one from the sublimed litharge gave only 
26.3% aniline. The same is true in the third experiment. 
In every experiment the catalyst from white lead gave a much 
higher yield of aniline than the one from sublimed litharge. 
In fact the catalyst from the white lead was so active that it 
carried the reduction farther than the azobenzene stage and in 
three consecutive experiments gave yields of over 70% aniline. 

The catalyst from the red lead made from red litharge is 
more active than the catalyst made from the red litharge di- 
rectly. The latter did not give an appreciable yield of azo- 
benzene in the third experiment while the former gave a 45.6% 
3 deld of azobenzene in the third experiment. The catalyst 
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from the sublimed litharge seems to be more active than the 
one from the red lead made from sublimed litharge but it is 
difficult to compare them because of temperature differences. 
The catalyst from the red lead made from white lead is not as 
active as the one from white lead directly. The results for 
the one from red lead made from white lead are given in Table 
IV. The former did not give any appreciable jdelds of azo- 
benzene at 300° while the latter gave 20% yields of azoben- 
zene and over 70% yields of aniline in three consecutive ex- 
periments at 303°. 

In every instance an increase in temperature resulted in an 
increase in 3 deld of aniline. Also, in every instance after 
reaching a temperature where an appreciable yield of azo- 
benzene was secured (20% or more) any further increase in 
temperature caused a decrease in yield along with an increase 
in yield of aniline. Then increasing the temperature of C24 
would probably have reduced the azobenzene yield below that 
of C45 at this temperature. Catalyst C16 would probably 
have acted similarly. Also an increase in temperature of 
C16 (catalyst from amorphous white lead) would probably 
have decreased the azobenzene yield to practically nothing 
with a corresponding increase in yield of aniline. As a result 
the catalyst from white lead would be the most active catalyst 
and would be the best of the lead catalysts for producing aniline, 
while the catalyst from the red lead made from white lead 
would be the best of the lead catalysts for making azobenzene 
in glass tubes. However when these catalysts were used in 
iron tubes it was found that the one from red lead made from 
white lead was the best for producing aniline while the one 
from yellow litharge was the best for making azobenzene. 

Lead phosphate and lead chromate were also used as 
catalysts but no good results were secured. 

Experimental Results with Bismuth 

The bismuth catalysts were prepared by precipita ting the 
hydroxide from a solution of the nitrate by ammonium hydrox- 
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ide. The hydroxide was filtered out, dried, put in the furnace 
and reduced in hydrogen at 230° to 240° C. 

When the hydroxide was allowed to filter slowly without 
suction and dried in an oven, it remained light and fluffy. 
Catalyst G22 consisted of 7 grams of this light fluffy material 
and G32 consisted of 10 grams of the same material. Catalyst 
G22 was used in a glass tube while G32 was used in an iron tube. 
When the hydroxide was filtered rapidly with suction it became 
packed in the funnel. This was then put in a small evaporat- 
ing dish and heated in an electrically heated muffle at 415° 
for about 15 minutes. The product was much heavier and 
apparently more granular than that made by the previous 
method. Catalyst G41 and G13 each consisted of 22 grams of 
this heavy material. Catalyst G13 was used in a glass tube 
while G41 was used in an iron tube. 

Catalyst G22, the light oxide in a glass tube, did not give 
any appreciable yields of azobenzene while catalyst G32, 
which was the same, oxide in an iron tube, gave a 70.2% yield 
of azobenzene in the third experiment. However the azoben- 
zene yields decreased with use. The aniline yields likewise 
decreased, indicating a decrease in the activity of the 
catalyst. 

Catalyst G13, the one from the heavy oxide in a glass 
tube, gave a 92% yield of azobenzene in the first experiment. 
However its activity dropped very rapidly and in the second 
experiment the yield of azobenzene was only 51.2% and in 
the other experiments no appreciable amounts of azobenzene 
were produced. Catalyst G41, which was the same as G13 
except that G41 was in iron while G13 was in glass, gave a 
yield but slightly lower than that of the first experiment with 
catalyst G13. But its activity decreased very rapidly at the 
temperature of 240° and in the second experiment the yield 
of azobenzene was only 58.3%. At 280° the activity of 
catalyst G41 did not seem to decrease appreciably with use. 
At this temperature the first experiment 3 delded 30.3% 
azobenzene and 15.7% aniline while the third yielded 65.0% 
azobenzene and 28.2% aniline. Similarly at 300° three con- 
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secutive experiments did not show any tendency towards a 
decrease in activity with use. 

Tablb VIII 

Rate of flow of hydrogen — 17 liters per hour. 

Rate of flow of nitrobenzene — 4.2 grams per hour. 

Excess of hydrogen — 640%. 


Catalyst 

Temperature 
of catalyst 
« C 

i Material yield 
of azobenzene 
in % of theory 

Material yield 
of aniline in 
% of theory 

Total materia] 
yield in % 
of theory 

G22 (Light in 
glass) 

230 


7.2 

7.2 

G22 (Light in 
glass) 

248 


4.7 

4.7 

G22 (Light in 
glass) 

248 


5. .3 

5.3 

G22 (Light in 
glass) 

G22 (Light in 
glass) 

267 

— 

8.8 

8.8 

267 

— 

9.4 

9.4 

G32 (Light in 
iron) 

235 


4.7 

4.7 

G32 (Light in 
iron) 

235 

j 

4.1 

4.1 

G32 (Light in 
iron) 

271 

70.2 

20.4 

90.6 

G32 (Light in 
iron) 

271 

57.5 

28.2 

85.7 

G32 (Light in 
iron) 

290 

49.7 

30.1 

79.8 

G32 (Light in 
iron) 

290 


19.4 

19.4 

G32 (Light in 
iron) 

290 


10.7 

10.7 

G32 (Light in 
iron) 

271 


6.6 

6.6 

G13 (Heavy in 
glass) 

G13 (Heavy in 
glass) 

G13 (Heavy in 
glass) 

230 

92.0 

4.4 

96.4 

230 

51.2 

4.4 

55.6 

248 

— 

2.8 

2.8 

G13 (Heavy in 
glass) 

G13 (Heavy in 
glass) 

248 

— 

1.2 

1.2 

267 

— 

6.3 

6.3 
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Table VIII {Concluded) 


G13 (Heavy in 
glass) 

G41 (Heavy in 
iron) 

2(57 

— 

2.2 

2.2 

240 

89.2 

9.1 

98.3 

G41 (Heavy in 
iron) 

240 

58.3 

0.3 

04.0 

G41 (Heavy in 
iron) 

200 

■■ 

9.4 

9.4 

G41 (Heavy in 
iron) 

260 


9.4 

9.4 

G41 (Heavy in 
iron) 

280 

30.3 

15.7 

40.0 

G41 (Heavy in 
iron) 

280 

08.4 

27.9 

i 

90.3 

G41 (Heavy in 
iron) 

G41 (Heavy in 
iron) 

280 

05.0 

28.2 i 

i 

93.2 

300 

25.0 

07.0 

1 

92.0 

G41 (Hea\y in 
iron) 

300 

19.3 

73.9 

93.2 

G4l (Heavy in 
iron) 

G41 (Heavy in 
iron) 

300 

29.5 

05.2 

94.7 

240 

I 

[ 

53.2' 

34.8 

88.0 

G41 (Heavy in 
iron) 

240 

30.0 

25.7 

50.3 


At the temperature of 300 however, the yield of aniline has 
been very greatly increased over that at 280° at the expense of 
the azobenzene yields. The second experiment at 280° gave 
68.4% azobenzene and 27.9% aniline while the same experi- 
ment at 300° gave only 19.3% azobenzene and 73.9%i aniline 
while the following experiment gave 29.5% azobenzene and 
65.2% aniline. This indicates that a high temperature leads 
to the formation of aniline while a lower temperature gives 
higher azobenzene yields. 

On comparing the results of catalysts G32 and G41, both 
of which were used in iron pipes, it is seen that G41 is far the 
better catalyst both for the production of aniline and of azo- 

* Just previous to this experiment the catalyst was heated in hydrogen 
to 340“. 
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benzene. The highest azobenzene yield with G41 was 89-2 
while the highest with G32 was only 70.2%. Also the high- 
est aniline yield with G41 was 67% while the highest with 
G32 was only 30.1%. Likewise G41 gave the highest total 
material yield of 98.3% while the highest given by G32 was 
90.6%. Also G32 gave appreciable yields of azobenzene in 
only 3 experiments out of 8 while G41 gave good yields 
of azobenzene in 10 out of 12 experiments. 

When a bismuth catalyst was taken out of the furnace it 
was found that the end of the column of catalyst -with which 
the nitrobenzene first came in contact had been converted to 
the oxide. Also from the last two experiments of Table VIII 
it will be seen that the activity of a bismuth catalyst may be 
restored to some extent by merely heating in hydrogen some- 
what similar to the iron, antimony and lead catalysts. 

Although G41, which was the catalyst from the heavy 
oxide, gave the highest yields of aniline and azobenzene, it does 
not follow that it is the more active catalyst. The catalyst 
from the heavy oxide is undoubtedly the more active volume 
per volume. This does not mean that the catalyst from 1 gram 
of the heavy oxide is more active than that from 1 gram of the 
light oxide. Twenty-two grams of the heavy oxide were used 
for catalyst G41 while only ten grams of the light oxide were 
used for catalyst G32. Possibly if the same number of grams 
of oxide had been used in each case instead of the same volume 
the results might have been different. 

In one experiment at 240° with a heavy oxide of bismuth 
as catalyst white crystals of hydrazobenzene were observed 
in the condenser. vSabatier* states that with platinum as 
catalyst and with an insufficient amount of hydrogen “there 
is a marked tendency to the formation of white crystals of 
hydrazobenzene.” An experiment carried out with silver at 
300° and with 6.1 grams nitrobenzene per hour and an insuffi- 
cient amount of hydrogen (2.1 liters per hour) gave 45.4% 
aniline and no azobenzene or hydrazobenzene. 

^ Sabatier and Senderens: Comptes rendus, 133, 321 (1901). 
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Discussion of Results 

The action of different catalysts on this reduction of nitro- 
benzene seems to be more or less specific. Thus nickel reduces 
it to aniline or farther, even to methane and ammonia, but 
gives no azoxybenzene or azobenzene other than enough to 
slightly color the product under certain unfavorable condi- 
tions. Copper and silver reduce the nitrobenzene to aniline 
and give no azoxybenzene or azobenzene. Neither do they 
carry the reduction farther than the aniline stage. Lead 
gives azoxybenzene, azobenzene and aniline. This specific 
action of the different catalysts suggests chemical action. 
Sabatier looked upon nickel as forming a hydride with hydrogen 
and that this hydride reacted with the organic compound pres- 
ent and not the hydrogen directly. With lead and bismuth 
catalysts the oxide at the one end of the catalyst column was 
observed. The peculiar behavior of the iron and antimony 
was mentioned in our second paper. For the production of 
azobenzene the reaction may be looked upon thus 2 C 6 H 5 N 02 -f 
4Pb = CeHsN : NC«Hs-f 4PbO. Then PbO-l-Ha = Pb-f HjO. 
It will be noted that only the removal of oxygen is necessary 
to produce azobenzene from nitrobenzene. To produce aniline 
however the introduction of hydrogen is necessary. However 
it would seem altogether possible to have both metallic lead 
and a hydride of lead acting as reducing agents at the same time 
which would give both azobenzene and aniline. 

Summary of Results 

A. Load as catalyst. — 1. Nitrobenzene is reduced to 
azoxybenzene, azobenzene and aniline by hydrogen with lead 
as catalyst. 

2. The best catalyst for the production of azobenzene in 
an iron catalyst tube is prepared by reducing yellow litharge. 

3. The best temperature for the production of azobenzene 
in an iron catalyst tube is near 290°. 

4. The best catalyst for the production of aniline in an 
iron catalyst tube is prepared by reducing red lead made 
from white lead. 
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5. The best temperature for the production of aniline in 
an iron catalyst tube is not below 308°. 

6. A catalyst used in a glass tube gives higher azobenzene 
yields and lower aniline yields than when used in an iron tube. 
However its activity decreases much more rapidly in glass than 
in iron so that iron is preferable to glass. 

7. In a glass catalyst tube the catalyst from white lead is 
best for producing aniline, and the one from red lead made 
from white lead is best for producing azobenzene. 

8. The addition of NaOH and MgO to the lead catalyst 
in an iron tube did not increase its activity, and a larger 
amount of NaOH decreased it. 

9. The addition of '/ 2 % FejOs to a heavy litharge in- 
creased the yield of both azobenzene and aniline, while 5% 
FejOj increased the yield of aniline at the expense of azoben- 
zene. 

10. The addition of 5% CuO to the heavy litharge in an 
iron tube was detrimental to its activity. 

11. Within the limits studied the more finely divided the 
red lead the greater the activity of the catalyst prepared 
from it. 

B. Bismuth as catalyst. — 1. Nitrobenzene is reduced to 
azoxybenzene, azobenzene, hydrazobenzene and aniline by 
hydrogen with bismuth as catalyst. 

2. With equal volumes of catalyst a catalyst prepared 
from a heavy bismuth oxide is more active than one prepared 
from a light oxide. 

3. The activity of the bismuth does not decrease so rap- 
idly when used in an iron as when used in a glass tube. 

4. A good temperature at which to use the bismuth 
catalyst is between 280° and 300°. 

Laboratory of Physical Chemistry 

Indiana University, Bloomington 
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Part I Preliminary Communication, Jour. Phys. Chem , 25, 160 (1921). 

Part 1 1 Systems water: xylene and water: 

chloroform, Ibid., 25, 204 (1921) 

Part III System water: ether, Ibid , 25, 605 (1921) 

vSupplementary note on extrapolation 

method of correction, Ibid , 25, 616 (1921). 

Partly System glycerine : acetone, Ibid., 25, 721 (1921) 

Part V Systems containing water and paraffin 
oil; petroleum; tri-chlorobenzene; 
i.9«-amyl phenyl ether; toluene, 
benzene, bromo-benzene; carbon 
te tr achloride , d ichlorobenzene ; n - 
butyl bromide; «-butyl ether; ethyl- 
ene chloride; Arr-octyl alcohol; w- 
butyl alcohol, butyl alcohol; 
amyl alcohol and bromoform, Ibid., 26, 256 (1922). 

VI. Summapy and Discussion 
I. Summary 

This investigation was prompted by the desire to ascer- 
tain something of the nature of the forces involved in liquid 
solutions. To this end the distribution of various organic 
solutes between immiscible solvents was chosen as the most 
promising and direct experimental procedure. In all, about 
twelve hundred final determinations have been presented, 
involving twenty-one systems each consisting of two immis- 
cible liquids. 

These results as they stand are not comparable with one 
another because of the complications introduced by dissociation, 
association and the mutual solubility of solvents. It has 
been shown, however, that these complications can be elimi- 
nated in part by an empirical method of correction, and the 
partition coefficients so obtained put on a mathematically 
comparable basis, even though their physical-chemical signif- 
icance is still obscure. This method of correction consists 
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in detennining by interpolation the partition coefficient when 
the concentration in one solvent has a fixed arbitrary value. 
The interpretation of the results obtained by means of this 
method of correction is independent of the arbitrary value 
chosen for interpolation. 

The principal points established by a consideration of 
the experimental data are as follows : 

When the partition coefficients of various substances 
for any one system are compared on a basis of molecular 
volume, it is found that they may be covered by the equation 

Log 100 1 = =*=0 

60.00 

where V„ is the molecular volume at the boiling point. 

A limited number of values of a are required to cover 
the behavior of all substances in any one system. (All sub- 
stances covered by the same value of a in any one system have 
been called a “series,” and the corresponding values of a the 
“series constants.”) 

The various values of o (or series constants) in any one 
system have been found to be related to each other by simple 
proportion. 

It has also been found that the series constants for any 
one series in twenty systems containing a common solvent 
(water) are related to each other by simple proportion. 

The above facts are interpreted as indicating that solu- 
bility is a function of the molecular volume of the solute. It 
is believed that the stepwise phenomena of series, as shown 
by the integrally related values of a in the above equation, 
are attributable to discrete or abrupt variations in the in- 
tensity of the intermolecular forces associated with various 
molecular species. 

2. Homogeneity and Three-Dimensional Symmetry 

Before discussing the fundamental significance of these 
results, it will be necessary to consider again certain points. 
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already discussed in Part I, disclosed by molecular volume 
relations. It has been said that the experimental facts re- 
lating to the molecular volumes of liquid chemical compounds 
indicate that every atom contributes a definite volume to 
the molecular volume. Some atoms vary in their atomic 
volumes as a result of constitutive influences (that is, inter- 
actions attributable to the chemical arrangement of the atoms 
in the molecule) but these constitutive variations in atomic 
volume are well defined and are related in no way to what we 
may conceive as spatial configuration. A consideration of 
molecular volume relations shows that the configurations 
suggested in structural formulae indicate only the chemical 
properties of the constituent atoms in the molecule, and in 
no way define the actual spatial relationships of the various 
parts or of the whole. The molecular volume is the simple 
sum of the volumes of the constituent atoms, and there is no 
additional space which can be attributed to interatomic or 
intermolecular crevices resulting from fixed spatial configura- 
tions as suggested by these formulae. To repeat the example 
previously used, there is no hole inside the benzene molecule 
or cracks or crevices between the atoms, as there would surely 
be if the molecule consisted of rigid spheres of carbon with 
smaller rigid spheres of hydrogen tacked on at various places. 
The principle of the perfect sum implies that the six carbons 
and their attendant hydrogens make up a domain which has 
the same shape, in the electro-dynamic sense, as has each of 
the components, much as though we had put several little 
spheres together to make one big sphere. 

We have seen in the data presented in these papers that 
molecular volume appears to be one of the factors which de- 
termine the behavior of various molecular species in homo- 
geneous liquid systems. This determinative r61e of molecular 
volume is independent of the chemical nature of the molecular 
species involved and constitutes new evidence of a most con- 
clusive kind in regard to the shapes of molecules. We may 
summarize this evidence as follows: substances in the homo- 
geneous liquid phase behave toward their environment as 



352 


Homer W. Smith 


though every molecule homogeneously filled a space which 
is symmetrical in three dimensions.^ 

An assumption somewhat of this nature has been made 
from time to time by mathematicians when considering the 
attraction of one molecule for another, but the chemist, in 
the absence of direct evidence to the contrary, has persistently 
climg to notions of chemical configuration and spatial re- 
lationships.* The mathematician speaks of point-to-point 
action, and avoids the difficulties arising from chemical con- 
siderations by arguing that this alleged point-to-point action 
is only a statistical result. As to how far this is so, it is hard 
to say because of course we cannot avoid statistical observa- 
tion and we do not know the exact extent to which the real 
molecular domain is increased by the translational motion 
of heat. But the specific nature of the optical properties, 
the compressibilities and more especially the radiation of 
heat from liquids and solids indicate that only a small fraction 
of the apparent molecular domain is to be attributed to trans- 
lational motion. It seems instead that when there is an ex- 
pansion of the molecular domain on the absorption of energy, 
it is to be attributed to an actual expansion of the size of the 
molecule.® 

But even if we agree to subtract a certain amount from 
the observed molecular volume to allow for space taken up 
by translational motion, we must still apply the principle of 
homogeneity and three-dimensional symmetry to the remain- 
ing real volume, for otherwise molecular volume could not 

^ Attention is called to the phrase **in the homogeneous-liquid phase.*' The 
work of Lai^muir (Jour. Am. Chem. Soc., 39, 1848 (1917)) and Harkins and 
his collaborators (Ibid., 39, 541 (1917)) shows that molecules at the surfaces of 
liquids are oriented and possess more or less definite shapes, but neither Lang- 
muir’s nor Harkins* work applies to molecules situated within a homogeneous 
liquid where the surrounding field of force is symmetrical. 

* Among others who have argued from this premise are S. C. Bradford : 
PhU. Mag., 38, 606 (1919); J. J. Thomson: 27, 757 (1914); W. C. McC. Lewis: 
28, 164 (1914); W. D. Harkins and H. H. King: Jour. Am. Chem. Soc., 41, 
■970 (1919). 

^ See Gervaisc LeBas: ^'The Molecular Volumes of Liquid Chemical Com- 
pounds,” p. 254 (1915). 
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function as a determinative factor in solubility in the precise 
manner in which it does. So taking into account the additive 
nature of molecular volume and the r61e of molecular volume 
in homogeneous liquid solutions, we must look upon this 
homogeneity and three-dimensional symmetry of liquid molec- 
ular domains as an actual fact and not an apparent one. We 
must picture the electrons of the atoms and molecules which 
make up a mass of liquid as filling, by their electrodynamic 
activity, the entire liquid domain, being at equilibrium at 
all points, and leaving no crevices or dead-spaces wherein 
other electrons or atoms or molecules can be inserted without 
disturbing this equilibrium. 

3. The Nature of the Intermolecular Forces 

Besides the size of the molecule, there is yet another 
factor which influences its physical relations with other mole- 
cules; this is the intensity factor in the intermolecular forces. 
It has already been pointed out that slight variations in the 
arrangement of atoms result in the most profound variations 
in molecular behavior as regards nearly all physical properties 
and we see this fact illustrated especially well in relative 
solubility. The striking thing about these variations in this 
case is that they consist of abrupt or stepwise variations from 
one condition to another — the various conditions being re- 
lated to each other by simple proportion. 

As the evidence from partition coefficients now stands 
it is apparent we are dealing not only with the properties of 
undissociated molecules, but with associated complexes and 
ions and hence with the chemical forces underlying association 
and dissociation, as well. But despite the fact that this com- 
plication precludes more direct physical-chemical consideration, 
it gives the results greater physical significance because it 
brings all these phenomena under one category without in 
any way invalidating the physical interpretations based upon 
the results. 

This simple stepwise variation in behavior mentioned 
above is shown by a large variety of substances: compounds 
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containing carbon, hydrogen, oxygen, nitrogen, chlorine, 
bromine, iodine and sulphur in a variety of chemical combina- 
tions. Hence this phenomenon cannot be attributed to pe- 
culiarities in molecular or atomic structure because it appears 
to be wholly independent of the kind of atoms or molecules 
involved. It must instead be attributed to something common 
to all atomic species and inherent in atomic structure itself. 
Undoubtedly it is to be associated with the now generally 
accepted idea that atoms absorb and emit energy discontinu- 
ously, in whole multiples of a unit of energy hv, or Planck’s 
quantum. This unit has a different value for every frequency 
of radiation, v, but it involves a universal constant, h. It 
is to be noted that this quantum is a unit of action, since it 
has the dimensions of energy multiplied by time, whereas 
the element of time does not enter into our present considera- 
tion. We are comparing various physical systems in their 
characteristic and essentially fixed equilibrium states. 

Bohr has assumed that the electron in a hydrogen atom 
could revolve about the nucleus only in certain orbits which 
represent conditions of stable equilibrium. On the absorption 
or emission of a quantum of energy the electron would jump 
from one orbit to another and thus enter another stable state. ‘ 

No one has, as yet, satisfactorily explained the existence 
of stable states, though this conception underlies Bohr’s 
explanation of the quantum and the theories of atomic struc- 
ture as well. Thus Langmuir- has suggested that each elec- 
tron occupied a more or less permanent position in the atom 
which he called a cell, the various cells being arranged in sym- 
metrical positions around the nucleus of the atom. In dis- 
cussing the properties of the electron he has said, “It seems 
that the electron must be regarded as a complex structure 

^ For a general discUvSsion of the quantum theory see ''The Quantum 
Theory,” Edwin Plimpton Adams: Bull, of the National Research Council, Vol. 
I, Part 5, No. 5; Wm. C. McC. Lewis: "A System of Physical Chemisfry,” Vol. 
Ill, ^Quantum Theory” (1919). Also Max Planck: Phil. Mag., 28, 60 (1914). 
On the application of the quantum theory to radiation from liquids and solids 
see H. Stanley Allen: Ibid., 35, 338, 404, 445 (1918). 

2 Jour. Am. Chem. Soc., 41, 808 (1919). 
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which undergoes a series of discontinuous changes while it 
is being bound by the nucleus or kernel of the atom.”’ 

Thomson® has considered the behavior of the electron 
on the hypothesis that the field of force in the immediate 
vicinity of the positive charge changes alternately from attrac- 
tion to repulsion. At great distances these forces would re- 
duce to the inverse square law but for atomic distances the 
change in sign would result in a series of positions of zero force 
which would be positions of stable equilibrium. Other as- 
sumptions of a more or less arbitrary nature have been made 
by Nicolson,® Brillouin/ Allen,® Lamar® and others to account 
for the discontinuous absorption and emission of energy as 
postulated under the quantum theory. 

4. The Conservation of Enei^y and Inter-eleetponic 
Equilibration 

The intermolecular forces are commonly supposed to 
have their origin in the so-called “chemical” or valence elec- 
trons. No one has advanced any very definite suggestion 
as to how these electrons function while holding molecules 
together in the liquid state. It is usually assumed that the 
cohesional forces are due to stray fields of force, residual 
affinity, etc." 

It does not seem possible that an electron may be so 
situated that its electrostatic or electro-magnetic affinities 
are satisfied, and that it may still be able to permanently in- 
fluence, without dynamic expense, other electrons by virtue 
of “stray fields of force.” It seems much more consistent 

* Phys. Rev., 8, 300 (1919). 

* J. J. Thomson: Phil. Mag., 37, 419 (1919). 

* J. W. Nicolson: Ibid., 28, 90 (1914). 

‘Marce Brillouin: Comptes rendus, 168, 1318 (1920). 

‘H. Stanley Allen: Phil. Mag., 41 , 113 (1921). 

* Joseph Lamar., Ibid., 42 , 592 (1921). 

’ Albert P. Mathews: Jour. Phys. Chem., 20, 554 (1916): Herbert Chatlcy: 
Proc. London Phys. Soc., 29 , 206 (1916); Irving Langmuir: Jour. Am. Chem. 
Soc., 39 , 1848(1917); S. C. Bradford; PhU. Mag., 38 , 696 (1919) ; W. C. McC. 
Lewis: 28 , 104 (1914); Wm. D. Harkins and H. H. King; Jour. Am. Chem. 
Soc.. 41 . 970 (1919). 
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to believe that a principle of conservation applies to all inter- 
electronic relations, including the intermolecular forces; that 
the intermolecular forces are expendable by the molecule to 
a definite and limited extent dependent on the electronic 
fabrication of the molecule, just as it has always been assumed 
in the case of the interatomic forces. Since the intermolecular 
forces have their genesis in the electrons of the constituent 
atoms, we can arrive at such a position simply by assuming 
that a state of conservative equilibration exists between all 
the electrons which are involved in the interatomic and inter- 
molecular forces. That is, in the atom or molecule, or in 
any homogeneous system of atoms or molecules, all the elec- 
trons exert forces on all the other electrons, holding each other 
in certain positions of stable equilibrium. If any of the 
physical conditions of the system are altered by the absorp- 
tion or emission of energy, or by admixture with another sys- 
tem, certain electrons are displaced and take up new positions 
of equilibrium. On the assumption that energy is added to 
or taken from a system only by a discontinuous process, it 
would necessarily follow that the alteration of any system 
from one physical state to another would likewise be dis- 
continuous. Various systems (or various molecular species) 
could be treated as a single system in various equilibrium 
states, and the various systems would bear definite relations 
to each other which would result in simple mathematical 
relationships between the partition coefficients, the frequencies 
of spectral lines and all other physical properties. 

It should be reiterated that the experimental data from 
partition coefficients deal with various systems in their charac- 
teristic equilibrium states, and that the element of time, a 
necessary consideration in the process of change from one 
equilibrium state to another, is not involved. In this respect, 
these data are unique, for they demonstrate that the existence 
of these discrete differences in the equilibrium states of a given 
system, or of various systems, is independent of the time ele- 
ment. The evidence warrants the assumption that these 
discrete differences are attributable to some property in- 
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herent in the fundamental charges themselves. Some such 
assumption as that made by Thomson, namely that the field 
of force around the fundamental charges changes alternately 
from attraction to repulsion, appears to offer the only explana- 
tion of the facts. 
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THE VAPOR PRESSURE OF SULFUR DIOXIDE AND 

AMMONIA 


BY F. W. BERGSTROM 

Introduction 

In connection with a series of investigations on the 
physical properties of the constituents of natural gas, Burrell 
and Robertson’ have measured the vapor pressures of ammo- 
nia and sulfur dioxide at temperatures ranging from the 
normal boiling points down to below —100°. The wide 
discrepancies between the values of the vapor pressures 
around the normal boiling point of these two liquids as de- 
termined by Burrell and Robertson, and the values obtained 
previously by other investigators, and especially the disagree- 
ment, to the extent of a whole degree between the normal 
boiling points as interpolated from their results and the care- 
fully determined values for these constants made some years 
ago in this laboratory by H. D. Gibbs- led to a redetermination 
of the vapor pressures of these two substances.® 

Description of Apparatus 

The apparatus used for vapor pressure measurements is 
shown diagrammatically in Figs. 1, 2 and 3. The manometer 
and thermoregulator are separately represented in Figs. 2 and 
3. The liquid whose vapor pressure was to be measured was 
confined in the bulb I. A capillary connected this with 
the left arm, J, of the manometer. By means of the two-way 
stopcock K, I could be connected either with the purification 
train, C, C', C", or with a Topler pump (not shown)., E was 

‘ Burrell and Robertson: Technical Paper 142, U. S. Bureau of Mines. 

* Gibbs: Jour. Am. Chem. Soc., 27, 851 (1906). 

® The measurements described in this paper were completed during the 
summer of 1918. Publication was delayed because of the appearance of the Bu- 
reau of Standards article on the vapor pressure of ammonia. Although the work 
done on sulfur dioxide is now of greater importance, it was thought worth while 
also to include the data obtained from ammonia, as confirmatory of the results 
of the Bureau of Standards. 
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a large Dewar tube vessel, 45 X 20 cm internal dimensions, 
containing petroleum ether for the constant temperature bath. 
G was a motor-driven stirrer. The resistance thermometer 
H was connected to three long heavy leads attached to a 
Wheatstone bridge. Liquid air contained in a five-liter Dewar 
flask. A, was forced over into the wide test tube M by air 
pressure exerted on the liquid thru C'. The magnitude of 
this pressure, and hence the rate of transfer of liquid to M was 
regulated by changing the depth of immersion of the tube under 
the water in D. This arrangement is a modification of Hen- 



Apparatus for Vapor Pressure Measurements 
(Thermoregulator shown separately in Fig. 3) 

ning’s low temperature thermostat.’ The petroleum ether 
bath was cooled with liquid ammonia down to —30° and with 
liquid air below this temperature. Ammonia from a com- 
pressor, after passing thru a pipe and needle valve, entered a 
wide closed tube, F, thru P, where it evaporated and was 
pumped back thru a second pipe attached to O. 

The manometer, shown in detail in Fig. 2, is a modifica- 
tion of that described by Germann.* The dimensions are 

* Henning: Zeit. Instrumentenkundc, 33, 33 (1913). 

• Germann: Jour. Am. Chem. Soc., 36, 2456 (1914). 
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given in the figure. A stopcock, G, separating the two arms of the 
manometer, was opened only during adjustment of mercury 
level, and preceding vapor pressure measurements. With G 
closed, a pressure corresponding to a previously regulated 
temperature could be read while the bath was being cooled in 
readiness for the next observation. As the mercury level in 
J was kept near the glass index P during most of the time that 
liquid was in I, any entrance of air at low pressures could readily 


43 - 



Fig. 2 Fig. 3 

Manometer Thermoregulator 


be detected. The mercury column prevented direct contact 
of the enclosed gas with the stopcock. The method of pro- 
ducing a high vacuum above the mercury in J', and the 
precautions necessary completely to free J' of traces of air are 
given in the original article by Germann. The apparatus was 
pumped out at intervals thruout the work to insure the main- 
tenance of a perfect vacuum. 
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A large mercury reservoir for rough adjustments of level 
was attached below E', and a small one for the more delicate 
adjustments necessary to bring the mercury level to the tip 
of the index P was connected to E. As the height of the 
index was determined at the beginning of a series of mea- 
surements, but one cathetometer reading was necessary for 
each pressure. The former was checked at frequent intervals. 
The total height of a mercury column could accurately be 
measured to within 0.2-0.4 mm. 

The height of mercury in the manometer was read with a 
cathetometer at a distance of eight feet. The instrument used 
possessed a brass scale 1.2 meters in length, graduated in 
millimeters, with a vernier reading to twentieths. As it was 
slightly bent during the earthquake of 1906, it was neces- 
sary to level the telescope before each reading.' 

The mercury used in the manometer was purified accord- 
ing to the method of Hulett.* A sample of this mercury melted 
at —38.9° (resistance thermometer). 

The observed manometer height was corrected to 0° for 
expansion of the mercury and of the brass cathetometer 
scale. Other corrections were within the limit of experimental 
error. 

Temperature Regulation 

Liquid air or ammonia was introduced in the manners 
described, into F and M, Fig. 1, at rates just sufficient slowly 
to cool the bath. The thermoregulator with its heating ele- 
ment then accomplished the close regulation desired. 

The thermoregulator, Fig. 3, consisted of a framework of 
one cm glass tube, F, filled with toluene, and connected by a 
capillary with two tube reservoirs, A and E, the former for 
toluene, the latter for toluene and mercury. The heating 
wires W, strung on the frame, were connected to a 110 volt 
circuit thru a variable five-lamp resistance and a relay, operated 

' This instrument was recently compared with a new Gaertner cathetom- 
eter, and found to be accurate. 

* Phys. Rev., 33, 307 (1911). 
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by contacts at C and E. To set for temperatures, a small res- 
ervoir attached to E was raised until mercury had risen to 
the upper contact. While keeping the reservoir in this posi- 
tion, the bath was cooled to suck mercury up into the capil- 
lary B'. Upon closing the stopcock, and turning on sufficient 
current slowly to warm the bath in spite of the cooling due to 
liquid air or ammonia, the desired temperature could be held 
constant as long as necessary. Mercury should stand at 
least a centimeter high in B' for the best operation. This 
type of thermoregulator eliminates the use of a stopcock in con- 
tact with the toluene. 

Temperatures have been regulated by this method to 
within 0.02°, as shown by the change in resistance of the 
platinum thermometer element. With liquid ammonia, tem- 
peratures could be held constant to within 0.05° without diffi- 
culty. 

Thermometry 

Temperatures were measured with a three-lead, compen- 
sated, platinum resistance thermometer. The resistances 
were determined with a dial Wheatstone bridge reading di- 
rectly to 0.0001 ohm, the points of balance being found with 
a high sensitivity galvanometer. The instruments were man- 
ufactured by Leeds and Northrup. 

The resistance thermometer was calibrated by the Bureau 
of Standards, with the following results: 

Resistance at 0° = Ro = 9.360 ohms. 

Fundamental Interval=Rioo— Rt = 3.210 ohms. 

5 in Callendar’s difference formula = 1.47. 

The calibration was checked in this laboratory at the 
freezing points of water and of mercury. Resistances of 
9.3590, 9.3693, and 9.3597 ohms were observed at 0° in three 
experiments at different times The resistance at the freez- 
ing point of mercury (-38.89°, Henning;' -38.87°, Wil- 
helm^) was found to be 8.089 ohms. The corresponding tem^ 
perature was calc ulated to be —38.9°. 

* Hesniog. Ann. Phys., (4) 43, 294 (1913). 

* U. S. Bureau of Standards., Sci. Paper No. 204, 6.55-61 (1916). 
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As the simple Callendar formula does not hold below —40° 
the thermometer was calibrated against the vapor pressure of 
liquid oxygen according to the methods of von Siemens' and 
Henning.® The oxygen was prepared and purified as described 
by von Siemens, but the apparatus was in most respects identi- 
cal with that of Henning. A resistance of 2.924 ohms was 
found at —190.7° (average of three values). The tempera- 
ture was calculated from the observed pressure (317 mm), 
using the vapor pressure data of von Siemens.® The temper- 
atures below —40° were determined from a formula of Hen- 
ning’s® involving this calibration. i 

The temperatures as determined by the resistance ther- 
mometer are probably accurate to within 0.1°. 

Preparation and Purification of the Gases 

The vapor pressure measurements were checked in each 
instance by determinations upon a second sample prepared by 
a different method. 

Sulfur Dioxide . — The first sample of sulfur dioxide was 
obtained from a stock cylinder of the commercial liquid, and 
was purified in the following manner; 

The gas was condensed in the first of the fractionation 
tubes C" (Fig. 2), containing phosphorus pentoxide, and al- 
lowed to stand for an hour to insure complete removal of 
moisture. A vacuum of a few millimeters of mercury^ was 
produced in the tubes, and some sulfur dioxide distilled into C", 
with this surrounded by an alcohol bath at about — 90 °. Most 
of the gases of high vapor pressure at that temperature were 
thus removed. The liquid, after reaching room temperature, 
was caused to boil vigorously by opening stopcock B ' until its 
volume had diminished one-third (to remove gaseous im- 
purities). Following this, the sulfur dioxide was frozen, and 
the entire system, including the bulb I, Fig. 1, evacuated as 
completely as possible. The frozen mass was melted, a portion 

‘ Von Siemens: Ann Phys., (4) 42, 871 (1913). 

» Henning: lbid..»(4) 43 , 294 (1913). 

• Loc. cit. 
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boiled off under reduced pressure, and the process repeated. 
This treatment served to remove the last traces of dissolved 
gas and to free the liquefaction bulb and connecting tubes 
from air. Two-thirds of the purified sample were distilled 
into I, and half of this was pumped off to make sure that no 
air had been trapped in the transfer. With stopcock K 
closed, mercury was raised to the pointer, sealing the opening. 

The second sample of sulfur dioxide, prepared by the ac- 
tion of concentrated sulfuric acid on copper, was washed suc- 
cessively with water and concentrated sulfuric acid, then 
passed over ignited pumice saturated with water (to remove 
H2SO4), and thru drying tubes to remove the greater part of the 
moisture before condensation in C". The subsequent treat- 
ment was the same as described above. 

Ammonia . — ^Ammonia was obtained (1) from a small 
stock cylinder of the commercial liquid, (2) by distillation 
of C. P. ammonia water. The gas was condensed in a tube, 
C" (not the one used for sulfur dioxide), containing sodium and 
allowed to stand for an hour to remove moisture. One- 
third of the sample was rapidly boiled off by opening stopcock 
B'. The ammonia was fractionated from C" to C', and 
thence to C, traces of sodium which ordinarily would have 
been carried over having been removed by an ignited asbestos 
filter sealed between C" and C'. The sample was frozen in C 
with liquid air, the entire system evacuated, and dissolved 
gases removed by a process of alternate freezing, melting, and 
boiling, as described for sulfur dioxide. The introduction 
into the vapor pressure bulb I was carried out with the same 
precautions as before. The second sample was partially dried 
with soda-lime, condensed, and treated as described. 

Results of Measurements 

The results of the vapor pressure measiurements made 
are presented in Table 1, while the values interpolated for 
every five degrees of the temperature scale, . together with 
similar data of other investigators, are given in Table 2 
(for sulfur dioxide). 



Vapor Pressure of Sulfur Dioxide and Ammonia 365 


Table I 
Sulfur Dioxide 


1 

Observed 

resistance 

ohms 

Corre- 
sponding 
temperature 
° C 

Observed 
pressure 
corr. to 0® 
mm ! 

Observed 

resistance 

ohms 

Corre- 

sponding 

temperature 

C 

Observed 
pressure 
corr. to 0*^ 

1 mm 

9.179 

— 5.5 

024.8 

7.591 

-54.0 


00.2 

9.133 

-7.0 

867.2 

7.471 

— 57 . 0 


52.0 

9.06S 

-9.0 

799.0 

7.259 

-64.0 


32.4 

9.039 

-9.9 

765.4 

7.091 

-69.1 


21.4 

9.001 

-11.0 

727.5 

6.975 

— 72.0 


10.5 

S.949 

-12.0 

676.7 

6.927 

-74.1 


14.1 

S.«45 

-15,8 

583.6 

6.850 

-76.3 


11.7 

S.71G 

-10.7 

483.2 

6.805 

— 77.7 


11.0 

S.t)40 

-22.1 

430.7 

6.572 

— 84.7 


4.4 

S.498 

-20.4 

345 . 5 

6.391 

-90.1 


2.5 

S.374 

-30.2 

282.5 

Second Sample 

8.36;) 

-30.5 

278.2 

9.169 

-5.9 


911.0 

8.221 

-34.0 

219.1 

9.047 

-9.6 


774.4 

8.054 

-40,0 

162.9 

8.911 

-13.8 


641.2 

7.846 

-40.3 

110.7 

8.705 

-18.2 

1 

519.2 


Ammonia Second Sample 


Observed 

resistance 

ohms 

Corre- 

sponding 

temperature 

‘^C 

Observed 
pressure 
corr. to 0® 
mm 

Observed 

Resistance 

ohms 

Corre- 
sponding 
temperature 
® C 

Observed 
pressme 
corr. to 0® 
mm 

8.383 

-30.0 

903.3 

8.374 

-30.2 

891.0 

8.261 

-33.7 

751.3 

7.716 

-50.2 

304.4 

8.109 

-38.3 

593.6 

7.152 

-67.3 

101.2 

7.956 

-43.0 

460.0 

6.951 

-73.3 

(54.8 

7.795 

-47.8 

350.8 

6.843 

-76.5 

50.6 

7.631 

-52.8 

261.4 

6.732 

-79.9 

37.2 

7.440 

-58.6 

182.2 

6.579 

-84.4 

24.2 

7.228 


117.4 

— 

-77. 9‘ 

45. 5‘ 


‘ Triple point. 
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Tabi,e 2 
3ulfur Dioxide 

Vapor pressure measurements interpolated for every five de- 
grees of the temperature scale compared with data of other investi- 
gators. 


Temp. 

Bergstrom^ 

mm 

Burrell* 

nun 

Regnault 

mm 

Pictet 
mm 1 

Blumcke 

mm 

Faraday 

mm 

0 


— 

1165 

1148 

1149 

— 

— 5 

947 

— 

947 

950 

— 

— 

-7.2 

860 

— 

— 

— 

— 

851 

-10 

762 

792 

763 

760 

— 

— 

-11.5 

712 

— 

— 

— 

722 

— 

-15 

607 

639 

608 

578 

— 

— 

-17.8 

530 

— 

— 

— 

■ 

551 

-19.5 

488 

— 

— 

— 

456 

— 

-20 

478 

.507 

479 

463 

— 

— 

-25 

373 

396 

374 

418 

— 

— 

-.30 

286 

306 

287 

253 

— 

— 

-35 

217 

234 

— 

— 

— 

— 

-40 

162 

174 

— 

— 

— 



-45 

120 

115 

— 

— 

— 

f — 

-50 

87 

89 

— 


— 

— 

-55 

62 

62 

— 

t 

— 

— 

-60 

43 

43 

— 

' 

— 

— 

-65 

30 

30 

— 

— 

1 

— 

-70 

19.9 

20.4 

— 

— 

— 

— 

Solid 

3 

— 

— 

— 

— 

— 

-75 

12.8 

12.8 

— 

— 

— 

— 

-80 

8.0 

8.0 

— 

— 

— 

— 

-85 

4.1 

4.1 

— 

— 

— 

— 

-90 

2.5 

2.5 

— 

— 

— 

— 


In all of the observations above —30° ( i. e., when the 
bath was cooled with liquid ammonia) the temperature was 
held constant for from twenty to thirty minutes before makin g 
readings; otherwise, from five to ten minutes (with liquid 
air cooling). 

Other Measurements 

Several years ago, Murray E. Tucker and George Ziser 
independently made measurements of the vapor pressure of 
ammonia and sul fur dioxide in this laboratory. Observations 

1 Calculated from formula. 

* Interpolated from large-sized plot of BurreU's data. 

* Observed. 
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were made with practically the same apparatus described in 
this paper, but the methods of use were not the same. Cali- 
brated toluene thermometers were used thruout. The mea- 
surements, while insufficient to determine the entire vapor 
pressure curve with accuracy, are especially numerous near 
the normal boiling and triple points. These observations 
are plotted in Figs. 4 and 5. 



Vapor Pressure Determinations near the Triple Point 
of Ammonia 

The Triple Point of Ammonia 

No definite information regarding the triple point of sulfur 
dioxide was obtained. A well-defined triple point was found 
for ammonia (see Fig. 4). The constant temperature bath 
was allowed to warm up slowly, after being cooled to —85°, 
and the pressure observed just as the solid began to melt. 
This pressure at the triple point was found to be 45.5 mm. The 
corresponding temperature calculated from the formula for the 
vapor pressure curve is —77.9°. 

The measurements made by Ziser and Tucker in the 
region of the triple point are plotted in Fig. 4. Tucker’s ob- 
servations were made on different occasions, and the curves, 
while not in agreement, are both markedly discontinuous from 
liquid to solid. He was able to obtain at one time two points 
upon the supercooled ammonia curve. The observations 
of Ziser and Tucker, with the exception of some scattered re- 
sults, show the triple point to be slightly below —78°. 
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Brill* found a discontinuity between the vapor pressure 
curves for liquid and solid phases, altho no mention is made 
of the fact. Burrell fotmd no such break. 

The Bureau of Standards* has recently accurately de- 
termined the pressure and temperature at the triple point of 
ammonia. The observed pressure was 44.9 mm. The ob- 
served temperature was -77.70°, while that calculated from 
their vapor pressure formula was -77.84°. 



Fig. 6 

Measurements near the Normal Boiling 
Point 


Fonnula for Vapor Pressure Curve 

The experimental results were expressed by the partially 
theoretical Nemst formula: 

+ 1 VSlogT- + C. 

‘Ann. Phy*., (4)21, 170^(1906). 

•Jour. Am. Chem. Soc., '^42, [222 (1920). 
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Sulfur Dioxide (P in mm of mercury) : 

1577.3 

Logic P=--Y~ + 1.75 log T - 0.00641 IT + 6.3286 

The average deviation from the experimentally determined val- 
ues (disregarding sign) is about one mm. 

Diseussion of Results and Comparison with 
Previous Work. Sulfur Dioxide 

The only vapor pressure determination covering the range 
from the normal boiling point to solid was made by Burrell.* 

Regnault’s® and Pictet’s® results extend only to —30 °. Far- 
aday* and Bliimcke® have made a few observations below 0°. 

Burrell’s results vary considerably from previously de- 
termined values. The normal boiling point, —11.0°, inter- 
polated from his data, is nearly a whole degree lower than de- 
terminations made by Regnault® ( — 10.08°), Pictet® ( — 10.0°), 
Gibbs* ( — 10.09°) and the author ( — 10.05°, manometric 
and direct). His sample was prepared by the action of con- 
centrated sulfuric acid on copper, and purified by fractiona- 
tion at low temperatures. The sulfur dioxide finally used for 
measurements distilled within 0.2°, altho the method of de- 
termining this range is not indicated. 

Burrell’s work appears accurate from his descriptions, but 
the vapor pressures of ammonia and sulfur dioxide have been 
carefully determined in this laboratory, and results have been 
obtained agreeing in each case much more closely with pre- 
vious observations than do his. The close agreement with the 
first determinations of the check measurements made upon the 
second samples affords a good indication of the purity of our 
material. 

Regnault’s results agree very closely with those of the 
author (see Table 2 and Fig. 9). The maximum variation is 

' Loc. cit. 

’ Regnault; M4m. de I'Acad., 1863, 535. 

* Pictet: Arch, de Gen6ve, 13, 212. 

‘ Faraday: PhU. Trans., 135, 1, 155 (1845). 

‘ Bliimcke: Wied. Ann., 34, 10 (1888). 

• Gibbs: Jour. Am. Chem. Soc., 27, 851 (1905). 
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about 3 millimeters. He made two series of observations 
which were not in good agreement. In one of the series he 
admits that he did not completely remove air from the appa- 
ratus. This may, also have been true of the second series. 

Kctet’s results do not fall on a smooth curve. 

Bliimcke determined the vapor pressure of sulfur dioxide 
at two temperatures below —10°. His measurements were 
not intended for an accurate and complete determination, 
but merely as a check upon an apparatus used for finding the 
vapor pressure of solutions. His normal boiling point, —10°, 
agrees with that of the author. 

Faraday likewise made two determinations below 0°. 
They do not agree well with the other measurements mentioned. 

Ammonia 

Regnault,^ Pictet,® Brill,® Perman and Davies,^ Burrell,® 
Keyes and Brownlee,® and the Bureau of Standards have pre- 
viously made measurements covering the whole, or a part of 
the range from —30° to —85°. The determinations of Brill, 
Burrell and the Bureau of Standards are the only ones ex- 
tending below the freezing point. With the exception of 
Perman and Davies, the others made observations only as low 
as the normal boiling point, —33.4°. 

Brill made one series of measurements around —79° by 
passing hydrogen thru several layers of solid ammonia, and 
determining the partial pressure of the latter in the mixture 
of the exit gases. The second series, made by the static vapor 
pressure method, covered the range from —33° to —80°. 
Brill’s vapor pressure-temperature curve is lower than the 
author’s in the region of the normal boiling point, and below 
— 61 °, but higher at intermediate points. The differences may 
be due to^ thermo metry . 

1 Regnault: M6m. de 1’ Acad., 26, 635 (1862). 

* Pictet: Arch. Geneve, 13 , 212. 

» Brill: Ann. Phys., (4) 21, 170 (1906). 

* Perman and Davies: Proc. Roy. Soc., 78, 28, 42. 

® Burrell: loc. cit. 

« Keyes and Brownlee: Jour. Am. Chem. Soc., 40, 39 (1918). 

’ Cragoe, Meyers, and Taylor; Ibid., 42, 206 (1920). 
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Burrell’s observations were made by the static method 
upon a sample prepared by boiling C. P. ammonia water. It 
was purified by repeated distillations until the entire final 
sample distilled over within 0.2° (or less?). As the molecular 
boiling point elevation constant of ammonia is only 3.4°, the 
boiling point of a normal solution would be —33.06°. It can 
readily be seen that the constancy of the boiling point of ammo- 
nia, unless very accurately measured, is no indication of its 
purity. Burrell’s curve agrees with that of the author below 
— 54°, but diverges at higher temperatures, the difference at 
the normal boiling point amounting to 1.2°. The value 
found for this constant, —34.6°, is over a degree lower than 
any determination previously made by manometric means. 

Perman and Davies made three measurements below —30° 
in order to determine the normal boiling point, which they found 
to be 33.5°. The results are in agreement with the writers’ 
only near —34° and at —46°. As only three measurements 
below —30° were made, an error in one or more of the values 
would seriously affect the entire vapor pressure curve. 

The data of Brill, Burrell, Perman and Davies, and 
the author are compared graphically in Fig. 9. 

Regnault and Pictet, respectively, found the normal boil- 
ing point to be —32.8° and —33.0° by manometric means. 
Regnault removed water by passage thru a U tube surrounded 
with liquid ammonia and thru a calcium oxide drying tube. 
Air was washed from the apparatus by pumping ammonia 
from the condensed liquid. The latter method, especially, 
is inadequate. 

Keyes and Brownlee by manometric methods found the 
normal boiling point to be —33.25°, and by direct determina- 
tions —33.21°. Twenty -eight vapor pressure measurements 
were made in the region of the normal boiling point. The 
pressures, reduced to 33° for comparison, vary from 747.6 mm 
to 786.9 mm and are too erratic for conclusions drawn 
from the mean. 

The Bureau of Standards has carefully determined the 
vapor pressure between the limits of -(-7()° and —80°. Their 
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normal boiling point, —33.35°, is 0.1° higher than was found 
by the author. The average deviation of all the experi- 
mental results for ammonia cited in this paper from their 
curve is three-quarters of a percent. The average deviation 
of the values above —50° is only half a percent. The scale 
of Fig. 9 is too small to show these differences clearly. 

M. Tucker and G. Ziser, whose measurements upon ammo- 
nia with the apparatus described in this paper have pre- 
viously been mentioned, made a number of observations 
around the normal boiling point. These are shown in Fig. 5, 
in comparison with a portion of Burrell’s curve. The normal 
boiling point from Tucker’s results is —33.5°, and from Ziser’s 
data —33.4°. Both of these support our values, and con- 
stitute further evidence that Burrell’s results are in error. 
The maximum variation of Ziser’s measurements for any tem- 
perature is 33 mm at —34.3°. The variation at the normal 
boiling point is 10 mm. 
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Data Plotted by Method of Ramsay and Young 

The vapor pressure measurements described in this paper, 
together with data of other investigators, have been tested by 
the Ramsay -Young relation: 

R' = R + c(T'-T) 

c is a constant for every pair of substances.* 

R' is the ratio between the absolute temperatures of any 
liquid and of a standard substance (such as water or methyl 
alcohol) at a given vapor pressure. 

R is the ratio at another vapor pressure. 

T' — T = the difference between the absolute temperatures 
of one of the liquids at the two vapor pressures. 

The graph of the equation is a straight line, as c is a constant. 

The measurements of 
Brill, Burrell and the author .6%0 
on ammonia, and of Burrell 
and the author on sulfur di- 
oxide, are plotted in Fig. 6, .6480 

with methyl alcohol as stand- 
ard. The results of the au- 
thor are separately plotted in 5400 
Fig. 7, with water as stand- 
ard. As the vapor pressures 6^® 
of methyl alcohol were taken gj^o 
from a fairly large-sized plot 
of Ramsay and Young’s data,* 
absolute accuracy could not ^ 

be expected in the interpolation of the temperatures, especially 
at low pressures. The general trend of the curves would not 
be affected. The vapor pressures of water were taken from 
Marx £ind Davis’ steam tables, and represent the most ac- 
curate work yet published. The remainder of Burrell’s mea- 
surements are plotted in Fig. 8 to a smaller scale, with methyl 
alcohol as standard. 

The author’s measurements give straight lines whether 

* Zeit. phys. Chem., 38, 666 (1901). 

> Phil. Trans., 188, 320. 
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plotted with water or methyl alcohol as standard. The 
observations of Brill and Burrell plotted in Fig. 6 are not 
straight lines, and accordingly do not satisfy the Ramsay- 
Young relation. 



(The second curve from the top should be labelled 
CtHio-iso and not C«H,o.i) 


Most of Burrell’s measurements plotted in Fig. 8 show 
some curvature, and so do not satisfy this relation. The 
points for solid nitrous oxide make a fair straight line. With 
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the exception of two points on each, the graphs for ethylene 
and ethane are nearly straight lines. 


Pl^SSURE MM. OF MERCURY 



Summary 

1. Vapor pressures of ammonia and sulfur dioxide were 
determined from temperatures slightly above the normal boil- 
ing points to solid. Two samples were used in each case, and 
the results of the measurements are in excellent agreement. 
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2. An improved form of apparatus for measurements of 
vapor pressures below 900 mm and at low temperatures has 
been described. 

3. The measurements of Brill and Burrell do not satisfy 
the Ramsay-Young relation, while those of the author do. It 
has been experimentally' shown in this laboratory that Burrell’s 
vapor pressure measurements on ammonia and sulfur dioxide 
are in all probability erroneous. 

4. The triple point of ammonia has been determined. 

In conclusion, the writer wishes to acknowledge his 
great indebtedness to Professor E. C. Franklin, at whose sug- 
gestion and under whose direction this work was undertaken, 
and to Prof. H. P. Cady for many valuable suggestions. 



A STUDY OF THE ABSORPTION OF LIGHT BY SOLU- 
TIONS OF CUPRIC LITHIUM CHLORIDE 

BY FREDERICK H. GETMAN 

A gamet-red double chloride of copper and lithium cor- 
responding to the formula CuCl 2 .LiCl.H 2 O was obtained by 
Chassevant* in 1891. In a subsequent investigation of the 
solubility of this salt by Meyerhoffer* it was shown that Chasse- 
vant’s analysis was erroneous and that the correct formula 
of the salt is CuCl 2 .LiCl. 2 H 2 O. In his “Neuere Anschauungen 
auf dcm Gebiete der anorganischen Chemie,” Werner assigns 
to the salt the formula CuCl 2 .LiCl. 3 H 2 O, and points out that 
its reddish brown color may be regarded as an indication of 
the fact that all of the water is linked to the lithium, other- 
wise the salt would possess the characteristic blue color of 
copper salts where, in all probability, the water is bound di- 
rectly to the copper. 

In view of the results recently obtained in a study of the 
color of solutions of cupric chloride alone and in the presence of 
several other chlorides,® it seemed of interest to carry out a 
similar investigation of solutions of cupric lithium chloride. 

The double salt was prepared by mixing moderately concen- 
trated solutions of the two chlorides and allowing them to 
crystallize out together at room temperature. The amount of 
lithium chloride taken was considerably in excess of that re- 
quired by the formula of the double salt, owing to the fact 
that a solution containing the two chlorides in molecular pro- 
portions yields on evaporation a mixture of crystals of the 
double salt with crystals of cupric chloride, the latter being the 
first to separate from the solution. The salt was drained free 
from mother liquor on a Biichner funnel and dried, as rapidly 
as possible, by means of heavy filter paper. Owing to the ex- 

‘ Comptes rendus, H3, 646 (1891). 

* Wien. Monatsheft, 13, 716 (1892); Site, Wien Akad., 101, II, .599 (1892) 

» Jour. Phys. Chem., 26, 1922. 
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tremely hygroscopic character of the salt, it was essential that 
the entire process of filtering and drying be carried out in as 
dry an atmosphere as possible. The results of a typical analy- 
sis of the salt are given in the following table: 



Found 

Calculated 

Copper 

Lithium 

29.05% 

29.86% 

3.44% 

3.26% 

Chlorine 

49.99% 

49.97% 

Water 

17.52% 

16.91% 


100.00% 

100.00% 


The percentage composition of the salt will be seen to be in 
agreement with Meyerhoger’s formula, viz., CuCl2.LiCl.2H2O. 

The apparatus used in measuring the absorption of light 
by the solutions was a Hilger wave-length spectroscope in con- 
junction with a Nutting photometer, and the method of pro- 
cedure was similar to that followed in the study of cupric 
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chloride.* The experimental data are given in Table I where « 
denotes the extinction coefficients for that portion of the visible 


* l«c. cit. 
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spectrum which is included between X = 660 nn and X = 450 mm I 
the concentrations of the solutions, expressed in gram-mole- 
cules per liter, are given at the heads of the columns. 

The curves shown in Fig. 1 are plotted from the data of 
the foregoing table. On comparing these absorption curves 
with the corresponding curves 
for cupric chloride, it is found 
that the minima in the latter 
lie nearer the violet end of the 
spectrum than the minima in 
the former. This was to be 
expected, since it has already 
been shown that lithium chlor- 
ide displaces the absorption 
of solutions of cupric chloride 
toward the red end of the spec- 
trum. In dilute solutions, the 
absorption spectra of cupric 
lithium chloride and cupric 
chloride are identical : this may 
be shown by plotting the wave-lengths corresponding to the ab- 
sorption minima for each of the two salts against the concentra- 
tion, as in Fig. 2, when it will be seen that the two curves con- 
verge with decreasing concentration and ultimately become 
coincident. 

It is noteworthy that the color of cupric lithium chloride 
changes instantaneously from reddish brown to olive-green, on 
the addition of a single drop of water, and then, on further ad- 
dition of water, the color of the solution passes through various 
shades of green and greenish blue, until it finally acquires the 
familiar blue color which is characteristic of the copper ion. 
These facts suggest that the double salt probably undergoes 
dissociation into the two-component salts on the addition of 
water. In order to secure further evidence on this point, the 
conductivity of the salt was measured at several different di- 
lutions, and the results were then compared with the sum of the 
conductivities of the two-component salts. It has been shown 
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by Bender,* and also by Klein, “ that the conductivity of a mix- 
ture of the two salts having an ion in common is somewhat less 
than the sum of the conductivities of the two salts taken sepa- 
rately, but when the two salts are capable of forming a double 
salt, then the conductivity is very much less than the sum of the 



conductivities of the component salts. These conclusions have 
received abundant confirmation through the work of Jones and 
several of his students.® The conductivity of a series of dilu- 
tions of 0.4634 molar CuCl 2 .LiCl. 2 H 2 O at 25° is given in the 
following table. 

> Wied. Ann., 22, 179 (1884). 

* Ibid., 27, 161 (1886). 

® See papers by Jones and Mackay, Am. Chem. Jour., 19,83 (1897); Jones 
and Ota, Ibid., 22, 6 (1899); Jones and Knight, Ibid., 22, 110 (1899); Jones and 
Caldwell, Ibid., 25, 349 (1901); Lindsay, Ibid., 25, 62 (1901). 
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Table II 
Temp. 25° 


V 


2.158 

180.10 

G.474 

242.54 

12.947 

270.02 

25.895 

293.54 

51.790 

.312.13 

10.3.58 

3.30.00 

207.10 

345.90 

414.37 

.3.58.9 

828.03 

.304.0 


From the data of the foregoing table, the conductivities of the 
double salt at even volumes were obtained by graphic interpo- 
lation and these values, together with the sum of the conduc- 
tivities of the two-component salts at the same dilutions, 
are given in Table III. 


Table III 


V 

M 

MLiCl -f MCu(Ms* 

Difference 

8 

2.52.5 

203.0 

10.5 

10 

278.5 

280.0 

7.5 

32 

295.0 

300.0 

5.0 

04 

317.8 

319.5 

1.7 

128 1 

.340.0 

340.0 

0.0 


It will be observed that not only does the difference between 
the measured and computed values of the conductivity de- 
crease with dilution, but also that it is so small in the most 
concentrated solutions as to justify the conclusion that only 
a very small proportion of the molecules of the double salt re- 
mains undissociated. We are thus, led to conclude that the 
chromophores which are present in solutions of cupric lithium 
chloride are identical with those present in solutions of cupric 
chloride containing an equivalent amount of lithium chloride. 

* The conductivity data used in calculating the values recorded in this 
column were derived from the following sources: LiCl, Green: Jour. Chem. Soc., 
94 , 2042 (1908); CuCU, Jones and West: Am. Chem. Jour., 34 , 409 (1905). 
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In other words, the chromophores are complex ions such as 
(CU.4C1), (Cu.3Cl.H2O), (Cu.2Cl.2H2O), (Cu.Cl.3H2O) and 
(CU.4H2O), the composition of the ions being conditioned 
largely by concentration and temperature. 

If the color of the solid double salt is due to the removal 
of the water which is directly linked to the copper by the 
lithium, as has been suggested by Werner,* we may reasonably 
assiune dissociation to have taken place within the salt itself, 
as indicated by the following equation; 

CuCl2.I.iC1.2H20:j:f:(Li.2H20) +, {Cu.3Cl) “ 

The possibility of such a dissociation has already been pointed 
out by Donnan.* 

The results of this investigation may be briefly summar- 
ized as follows : 

1. A sample of cupric lithium chloride was prepared from 
pure cupric and lithium chlorides by crystallization from a 
solution of the last-named salts, and the product was found on 
analysis to have the composition represented by the formula 
CuCl2.LiCl.2H2O, this being the formula assigned to the salt 
by Meyerhoffer. 

2. The absorption of light by solutions of the salt was stud- 
ied by means of the spectrophotometer, and the resulting ab- 
sorption curves were compared with corresponding curves 
previously obtained with solutions of cupric chloride. The 
minima in the absorption curves were found to lie nearer the 
red end of the spectrum than the corresponding minima in the 
curves obtained with solutions of cupric chloride. 

3. In dilute solutions the absorption curves of cupric 
lithium chloride and cupric chloride were found to be identical. 

4. From a comparison of the conductivities of solutions of 

cupric lithium chloride with the sum of the conductivities of 
■cupric chloride and lithium chloride at the same dilutions, it 
was found that the double salt, when dissolved in water, under- 
goes almost complete dissociation into the two-component 
s alts. 

' Loc. cit. 

» Zeit. phys. Chem., 53, 317 (1905). 
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5. The possibility suggested by Donnan that the solid 
salt may undergo dissociation as indicated by the equation 
CuCl2.LiC1.2H,0 (Li.2H20)+, (Cu.SCl)- 
is emphasized as offering a satisfactory explanation of the fact 
that the color of the compound departs widely from that which 
is characteristic of copper salts. 

In conclusion, it is with pleasure that I acknowledge the 
assistance rendered by Mr. Kenneth Tate in making the spec- 
trophotometric measurements. 

Hillside Laboratory 
Stamford, Conn. 

Oct 22, J()21 



DYEING OF DEAMINATED WOOL 


BY W. W. PADDON 

The experiments of Richards,’ followed by those of Rich- 
ardson, Dreaper, and Watson Smith, have shown that amino 
groups are a part of the chemical constitution of wool. It 
has been believed that the presence of this amino nitrogen in 
wool might explain the ease with which that fibre is dyed, 
insofar as the acid dyes are concerned, the free dye acid being 
attached to the wool through chemical union with these amino 
groups. On the contrary Bentz and FarrelP found that wool 
which had been deaminated by treatment with nitrous acid 
followed by washing and boiling with either alcohol or water or 
acidified cuprous chloride solution, “dyes with acidic coloring 
matters apparently as well as wool in the ordinary state. The 
dye baths are exhausted in both cases to the same extent and 
so far as our experiments range are as fast to soaping and 
light.” The experiments described below verify this work of 
Bentz and Farrell by obtaining quantitative data regarding 
the dyeing of deaminated and ordinary wool by typical acid 
dyes. 

Pure white sweater yam was used in the experiments be- 
ing first washed in dilute soap solution and then rinsed re- 
peatedly in hot distilled water. It was then dried in air and 
kept in a constant humidity atmosphere. 

About forty grams of this wool were deaminated by being 
immersed in 1200 cc of a solution containing 10% by volume of 
cone. HCl and 20 grams of sodium nitrite at a temperature of 
4° C. The temperature of the bath rose from 4° C to 10° C 
and brown fumes were evolved. The wool was kept in this 
bath with frequent stirring and addition of sodium nitrite for 
16 hours. The wool, now yellow in color, was removed and 

■ Richards: Jour. Soc. Chetn. Ind., 7, 841 (1888); Richardson: 12, 426 
(1893); Dreaper: 13,95(1894); Watson Smith: 15,245(1896). 

‘ Bentz and Farrell: Jour. Soc. Cbem. Ind., 16, 405 (1897). 
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washed in lukewarm distilled water until the wash waters gave 
no test for chlorides of nitrous acid. It was next placed in boil- 
ing distilled water and boiled for five hours, the water being 
repeatedly replenished. The fibre became changed to a very 
dark brown during this boiling, becoming thicker, and short- 



Fig. 1 

Dyeing with Orange II 

ening to about two-thirds of its original length. The final 
wash waters gave no test for either nitrous acid or chlorides. 
The wool was dried in the open room and placed in a constant 
humidity atmosphere under the sgme conditions as the ordinary 
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wool used in these experiments. A sample of the wool thus 
deaminated when treated further with nitrous acid and then 
immersed in alkaline phenol solution underwent no change in 
color whatsoever. It was therefore concluded that all the 
amino nitrogen had been removed. 

In dyeing, two t 3 Tjical acid dyes were used, Orange II 
(duPont) and Lake Scarlet R (National Aniline and Chemical 
Co.). The following conditions were constant throughout the 
experiment. 

Total volume of bath, 250 cc. 

Milligrams of dye used, 75 mg. 

Grams wool used in each bath, 1000 gr. 

Time of boiling, 45 min. 

Wool entered and removed at the boil. 

The amount of dye remaining in the bath was determined by 
titrating with a standard TiCb solution according to the method 
of Knecht.’ 

The pH values were obtained by means of a hydrogen 
electrode of the Lewis, Brighton, and Sebastian type,* slightly 
modified. 

The data concerning the dyeing of the deaminated wool 
have been compared with the data for the dyeing of ordinary 
wool previously obtained in this laboratory in the same way 
by Mr. A. W. Bull. 


Dyeing with duPont Orange II 
Dyeing of deaminated wool 


Cc N/W HCI 

Final pH 

Mg dye left 
in bath 

Mg of dye adsorbed 

0.0 

5.75 

74.0 

1.0 

0.5 

5.10 

(> 9.2 

5.8 

1.0 

4.00 

57.0 

18.0 

2.0 

3 . SO 

40.5 

34.5 

3.0 

3.40 

25.5 

49.5 

5.0 

3.03 

17.3 

57.7 

10.0 

2.57 

9.0 

66.0 


' Ber. deutsch. chem. Ges., 36, 1552 (1903); 40 , 3819 (1907). 
’ Jour. Am. Chem. Soc., 39 , 2250 (1917). 
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Dyeing of ordinary wool 


0.0 

4.69 

08.7 

11.3 

0.5 

4.10 

51.2 

23.8 

1.0 

8.80 

38.5 

3() . 5 

2.0 

8.32 

25.2 

49.2 

8.0 

3.20 

10.9 

58.1 

4.0 

3.04 

14.5 

00.5 

0.0 

2.70 

12.0 

03.0 

10.0 

2.49 

5.3 

09.7 

25.0 

2.00 

0.2 

08.8 


Dyeing of deaminated wool; stripping effect of Na2S04 


Cc iV/10 
H2SO4 

Cc M/10 
Na2S04 

Final pH 

Mg 

dye left 

Mr 

dye adsorbed 

0.5 

24.75 

4.72 

03.7 

11.3 

5.0 

22.50 

3.14 

42.7 

32.8 

Dyeing of ordinary wool; stripping effect of Na2S04 

0.8 

24.7 

4.08 

61 . 5 

13.5 

3.0 

23.5 

3.24 

40.2 

28.8 


Dyeing with Lake vScarlet R 
Dyeing of deaminated wool 


Cc iV/lOHCl 

Final pH 

Mg dye left 
in bath 

Mg dye adsorbed 

0.0 

0.02 

00.4 

8.0 

0.5 

5.17 

00.9 

14.1 

1.0 

4.99 

52.8 

22.7 

2.0 

4.04 

33.2 

4I.8 

3.0 

3.55 

18.5 

50.5 

5.0 

3.08 

7.7 

07.3 

10.0 

2.01 i 

1.8 

73.2 


Dyeing of ordinary wool 


0.0 

0.43 

74.4 

0.0 

0.5 

5.58 

04.8 

10.2 

1.0 

4.90 

49.4 

25.0 

1.5 

4.31 

35.1 

39.9 

2.0 

3.88 

23.7 

51.3 

3.0 

3.37 

7.0 

68.0 

5.0 

2.85 

1.1 

73.9 

8.0 

2.57 

0.0 

74.4 

15.0 

2.13 

0.2 

74.8 
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Dyeing of deaminated wool; stripping effect of NasSOi 


Cc N/10 

Cc M/10 


Mg dye left 

Mg 

H 2 SO 4 

NaaS04 

rinai pii 

in bath 

dye adsorbed 

0.5 

24.75 

4.99 

59.0 

15.4 

5.0 

22.50 

3.15 

33.8 

41.2 


Dyeing of ordinary wool; stripping effect of Na 2 S 04 


0.5 1 

25.0 

4.55 

6().4 

8.6 

3.0 

25.0 

3.36 

31.0 

44.0 

5.0 

25.0 

2.88 1 

20.5 

54.5 



Fig. 2 

Dyeing with Lake Scarlet R 
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These data have been placed in the form of curves, Figs. 
1-2, by plotting milligrams of dye adsorbed against pH values. 
The curves for deaminated and ordinary wool for the same 
dye are of the same shape and lie very close together, any 
difference being well within the limit of experimental error. 
This is rather surprising in view of the very marked change in 
the appearance of the wool. 

The above quantitative experiments show that the amino 
groups in wool play no part whatever in the dyeing of that 
fibre by acid dyes. 

The work has been carried on under the supervision of 
Professor Bancroft, and was made possible by a grant from the 
Chemical Foundation. 

Cornell University 
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The Silver Bromide Grain of Photographic Emulsions. By A. P. H, 

TrivelH and S, E, Sheppard. 22 Y. 1$ cm; pp. 143. New York: D. Van Nos- 
trand Co., IQ2I. Price: $2.30.— This is the first of a series of monographs on 
the theory of photography which the Research Laboratory of the Eastman 
Kodak Company is going to write The next two volumes are to be on gelatine 
and the fourth on the theory of development. This is an admirable thing to do 
and should mark the beginning of a new period in the science of photography. 

In the monograph the chapters are entitled : the influence of ammonia on 
photographic emulsions and a theory of ripening, von Weimarn's theory and 
the determination of the dispersion of silver bromide precipitates; accessory 
factors influencing the dispersity of silver bromide emulsions; crystallization 
catalysis; capillarity and crystalline growth; experimental study of the crystal- 
lization of silver bromide; the classification of silver halide crystals; the silver 
bromide crystals of photographic emulsions; the directions of most rapid growth 
in silver bromide crystals, and the occurrence of anomalous forms ; the behavior 
of silver bromide and silver iodo-bromidc crystals in polarized light 

When silver bromide plates are treated with ammonia vapor, they become 
more transparent, apparently owing to the formation of a silver bromide am- 
monia compound having approximately the same index of refraction as the gela- 
tine. No independent proof of this is given, though a reference is made, p. 25, to 
Ephraim's work. Ammonia also causes an increase in the size of the grains but 
does not cause development except for long exposures. The authors believe that 
under the combined action of ammonia and gelatine silver bromide may be re- 
duced somewhat with production of colloidal silver. 

The authors apparently consider that optical sensitizers act by resonance, 
p. 50. ''The operation of a sensitizer may be regarded in respect of either wave 
length or phase. It would be very possible for a crystalline substance to absorb 
only a limited amount of light of suitable wave-length, but of such irregular 
pha.se ordering that the equilibrium radiation field of the crystal would get only 
partially in resonance. We can conceive then that a non-crystalline body in 
solid solution or absorbed would increase the photochemical sensitiveness, acting 
as a resonance complement. Thus colloidal silver acts as a panchromatic sensi- 
tizer for silver halides. The behavior of traces of calcium, bismuth, etc., in 
developing phosphorescence in the alkaline earth sulphides is a similar case. 
If the above conception is true, it is possible that silver iodide acts both as a wave- 
length sensitizer and as a phase-sensitizer for silver bromide, as well as acting as 
an independent source of nuclei by its direct photolysis.” 

On p. 100 the authors say that ”the forms of the silver bromide crystals 
in photographic emulsions are very varied, though all belong to the same crys- 
tallographic system -[regular] and the same class [dyakisdodecahedralj. In 122 
different emulsions which were examined at a magnification of 2500 diameters, 
only octahedra could be positively identified. . . . The presence of cubes and of 
combinations of cubes with octahedra or other forms could never be determined. 
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From ammoniacal solutions silver iodide is precipitated in the nietastablc, reg- 
ular form, which is isomorphous with silver bromide.” 

The book is an interesting one and contains some remarkable photographs 
of silver bromide crystals; but it is a little puzzling to know just what the scope 
of the book was meant to be. What one would have liked would have been a 
theory of ripening and one is left with an uneasy feeling that the authors think 
that they have given one. It is possible that they have; but the reviewer has 
read the book three times already without learning what it is. Some of the difil- 
culties to the reader may be illustrated by the following paragraph wdiich is 
said to sum up the fundamental relation existing between photochemical cata- 
lysts, positive and negative, and crystallization catalysts, p. 51. “Crystalliza- 
tion is a process of approach to a complete (static) equilibrium of the radiation 
fields (chemical affinities) of the component atoms and constituent molecules. 
The attainment of static equilibrium may be accelerated or retarded by alien 
substances, or crystallization catalysts, which, from the actino-chemical nature 
of crystallization, are consequently likely to be also photochemical catalysts, 
affecting the transformation and redistribution of catalytic light energy.” 

Wilder D. Bancroft 

Qualitative Chemical Analysis. By M. Cannon Sneed. 21 X 14 cm; 
pp.xiii tqS. New York: Ginn and Company, iq2i. Price: $1.50. — The au- 
thor believes that a course in qualitative analysis “should serve as a means of 
reviewing, fixing in the mind of the student, and extending his knowledge of the 
principles of general chemistry. On the experimental side its aim should be to 
train the beginner to acquire methods of careful manipulation and to do exact, 
dependable, and intelligent work. To this end an attempt has been made to 
present the experimental exercises in a concise form and to give laws and theories 
in such a way that the student may understand and correctly interpret his 
observations.” 

The chapters are entitled: introduction; gases, solution, and the theory 
of electrolytic dissociation; physical and chemical equilibrium and Group V; 
ionic equilibrium treated quantitatively and Group IV ; hydrolysis, amphoterism, 
oxidation and reduction, and Group III ; precipitation of hydrogen sulphide, com- 
plex ions, colloidal condition, and Group 11; Group 1; the anions; the systematic 
analysis of an unknown. 

There is a great deal of physical chemistry in this book and the question 
is whether this is a good thing or a bad thing. The reviewer does not quite see 
what the gas laws, quantitative ionic equilibrium, and amphoterism have to do 
with qualitative analysis. Even supposing they are essential, should they be 
taught here or somewhere else? It seems to the reviewer that either the book 
presupposes a lack of co-ordination at the University of Minnesota or else that 
the author wishes to present the subject of qualitative analysis as complete in 
itself — which comes to the same thing and is apparently hard on the student. 

On p. 10 the author introduces the term ‘‘diffusion pressure” in what seems 
to be a new and undesirable sense. Wilder D. Bancroft 

Elementary Qualitative Analysis of the Metals and Acid Radicals. By 

F, C. Reeve, jg X 13 cm; pp. vii + 143. Neiv York: D. Van Nostrand Co., 
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ig 2 J, Price: — This book claims to present the subject of elementary 

qualitative analysis in such a way as to interest the high school student. The 
aim of the author has been: to present the main scheme of analysis without the 
complication of special conditions; to give working directions for each test 
rather than its description; and to write the chemical equations for all reactions. 
The reviewer is not qualified to tell what will interest a high school student. 
There are one or two points which interested him as a chemist On p. 2 the au- 
thor says that addition of small amounts of an acid, a base, or a salt makes water 
a conductor. The electrolyte does not increase the conductance of water. It 
would apparently have been just as .simple and certainly more accurate to say 
that the solution conducts instead of saying that the water conducts. On p. 16 
the author says that ammonia reacts with lead chloride to form basic lead chloride, 
PbCl(OH). Is there any reason beyond a desire for simplification why basic 
lead chloride should not be Pb02H2 PbCb? On p. 20 there is the very interesting 
statement that the filtration of silver chloride can usually be made easy by *‘the 
addition of a number of crystals of ammonium nitrate and the application 
of gentle heat to the mixture before filtration ” Very few chemists could tell 
why this addition is effective and it is rather a pity that no explanation is given. 
It is not desirable that a student should follow' directions blindly. 

On p. 37 the student is told to * ‘acidulate 5 cc of a solution of copper nitrate 
or other copper salt with a few drops of dilute hydrochloric acid. Add two or 
three small iron nails to this solution and gently warm it. In a few moments the 
iron nails will be covered with a coating of metallic copper.” This would seem 
to be the worst possible way of doing the experiment because there will certainly 
be a formation of cuprous chloride which must complicate matters, and to which 
• no reference is made in the equation. 

These few comments are not intended in disparagement of the book, which 
is doubtless an admirable one. They do show how difficult it is to write any- 
thing clearly, simply, and accurately. Wilder D. Bancroft 

Red-Lead and how to use it in Paint. By A. H. Sabin, Third edition. 
IQ X 13 cm; pp. xi -f 13Q, New York: Johii Wiley and Sons, IQ20. Price: 
$2.00. — In the preface the author says that in the last few years there has been 
a great increase of interest in the subject of red-lead paint; “due, no doubt, to 
the rise in the cost of bridges and other metal structures, which makes their 
preservation more important; this incidentally leads to more discussion of it 
in the meetings of engineers; and partly to the comparatively recent introduction 
of red lead in paste form, which, as is explained in the text, is made possible by 
improvements in the pigment, and increases its availability for more extensive 
use. The writer is willing to predict that the next step will be its sale as a liquid 
paint, ready for use; and that this will so much promote its use as a finishing coat 
and for general repainting, that the demand for it will be several times as much as 
now; perhaps will equal that for white lead. Holding this belief, which is based 
on thirty years* experience and .study of protective coatings, the writer has 
tried to give information as to the character of these liquid paints , for all paint must 
be reduced to this form before it can be applied.” 

The author discusses briefly the manufacture of litharge, red lead, and 
orange mineral; gives a very cursory statement of the objections to red lead; 
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and points out that a certain brand of red lead contains less than two percent of 
litharge and is a very superior product. In certain cases the presence of litharge 
is an advantage, it being added when the paint is to be applied to the interior 
of stand-pipes and conduits, because it makes a harder film which is not softened 
so much by the water with which it is continually in contact. Lampblack in 
paste form can be mixed easily with red lead; but there is apt to be difficulty 
if one uses dry lampblack. 

When considering how much pigment is needed, p. 25, the author says 
"'that there must be some proportion of oil and pigment which gives most dura- 
bility. If too much oil is added, we finally get a film which is essentially an oil 
film, much less durable than a paint, and less impervious to air and moisture 
If we add too much pigment, we make a paste which, though fluid, is too viscid p] 
for a paint; still more pigment makes putty which is not a fluid at all, but a plastic 
solid; it has uses but it is not paint.** The author answers the question himself 
by saying that 33 pounds of red lead to a gallon of oil, plus what turpentine seems 
desirable, is satisfactory. 

Speaking of mixed pigments, p. 37, the author says that *Vhilc no one 
should pretend that the particular paint he fancies is the only one which has 
any merit, it is not likely that for durability, or the protection of metal from 
corrosion, a mixture of pigments is ever better than a single one, except in cases 
where an inferior paint is improved by the addition of a better one; that is, a 
good paint is not made better by being mixed with a worse. And yet there are 
people who admit that silica, for example, made by itself with oil into a paint, 
is worthless, either as to durability or anything else, but who maintain that 30 
to 40 percent [by volume] of such paint may profitably be added to a red-lead 
paint.** 

The latter part of the book is devoted to specifications for painting and 
to methods of analysis. 

As the quotations indicate, the book is interesting reading. The only 
drawback to it is that it is obviously an advertising pamphlet put out in book 
form; but with no attempt at a non-partisan, scientific presentation of the subject 
It is a pity that the author should have done this; but he probably had reasons 
for his course which satisfied him. Wilder D Bancroft 

The Electric Furnace, By J, N. Bring. 22 X 14 . cm; pp. xii -f 485 Lon^ 
don and New York: Longmans, Green and Co., iq 2 I. Price: $ 10 . 50 . — This 
is a book that should have been written by an American. Excellent as the book 
is, it omits two important developments of electric furnace service that have 
been brought to their present state by American engineers — namely, brass melt- 
ing and heat treating. But even in a much larger sense the real success of the 
electric furnace has been the work of Americans. Its history follows fairly close 
to that of the many processes that were laboratory experiments or commercial 
installations on a small scale abroad, and really came into their true worth on 
being brought to this country. A notable instance of that was the Bessemer 
steel method, where the first American improvement, by Holley, added 50% 
in output and others following in rapid order made a total gain of several hundred 
percent. The discovery and partial development abroad of the electric furnace 
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was merely the opening chapter of its history. The American engineer, with 
his fine disregard for classical traditions and his eager desire to do things in a 
better way for a bigger output, in which he is amply justified by his skill and in- 
genuity, takes hold of the admittedly imperfect foreign design and turns it into 
a tool to be used with confidence. A striking proof of this is found in this book. 
Taking at random 100 consecutive pages {e. g., pages 259 to 358) there are 59 
technical references of which 32 are to American sources. 

There can be little adverse criticism of a book like this; prepared with 
great care, written in very good style, well printed on better paper than some we 
have recently seen, plenty of excellent illustrations, and with a very good bibliog- 
raphy. It will be found equally at home with the practical engineer or in the 
classroom of technical schools. It might be better for its American edition had 
some of its cost-data been reduced to United States figures, but as these figures, 
in the present state of exchange are exceedingly relative, the criticism is rather 
captious. R. R. Reed 

The Emission of Electricity from Hot Bodies. By O. W. Richardson. 
Second edition. 22 X 15 cm; pp. vii -f- J20. New York and London: Long,mans, 
Green and Co., ig2i. Price: $5 25. — The subject is presented under the following 
headings: mainly considerations of a general character; theory of the emission 
of electrons from hot bodies ; temperature variation of electron emis.sion ; the effect 
of gases on the emission of electrons, energetics of electron emission; the emission 
of positive ions by hot metals; the effect of gases on the liberation of positive ions 
by hot metals; the emission of ions by heated salts, ionization and chemical action. 

While the whole subject is a fascinating one, there are certain portions of 
the book which are of exceptional interest to the chemist and it will therefore be 
well to concentrate on them. The most important of these is the section dealing 
with the question of contact potential, p. 41. “There is an intimate connection 
between the rate of emission of electrons from different substances and their 
contact differences of potential This can be shown very simply by considering 
the case of an insulating evacuated enclosure containing two bodies. A and B, of 
different materials maintained at the uniform temperature T. The electrons 
emitted by A will ultimately either return to A or reach B, and vice versa. Now 
suppose that both A and B are uncharged initially, and that A emits electrons at a 
faster rate than B. The greater rate of loss of negative electrons by A will cause 
A to acquire a positive potential relative to that of B This difference of potential 
will not increase indefinitely because the electric field thus set up will tend to stop 
the transference of electrons from A to B. A steady condition will finally be 
established in wh’ch each of the bodies A and B receives in a given time as many 
electrons as it emits in that time. This condition is also characterized by the 
occurrence of a constant difference of potential V between any two points close 
to the surfaces of A and B, respectively. The number of electrons in unit volume 
of the space will then vary from point to point, but will not change with time. 
A consideration of the nature and number of the variables entering into the equa- 
tions governing the equilibrium of the electrons shows that V is independent of 
the size, shape and relative position of the bodies A and B, and depends only on 
their natuie and the temperature T. This result holds true both on the basis of 
the classical dynamics and on that of the quantum theory. The difference of 
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potential V is, therefore, the intrinsic contact potential difference of the bodies 
A and B at the temperature T.” 

‘^It follows from equation (35) that the relative powers of electronic emis- 
sion of different bodies at a given temperature will be determined by their contact 
differences of potential; so that whether bodies show much or little difference one 
from another in the former respect will depend on the magnitude of the latter 
quality. There is still a great difference of opinion as to the magnitude of the 
contact difference of potential between metals whose surfaces arc free from gas and 
in a good vacuum. The school which attributes these differences of potential to 
chemical action between metals and the surrounding atmosphere holds that under 
the conditions referred to the contact potentials would completely disappear. 
If this view is correct we should expect all hot metals to give nearly equal thermi- 
onic currents per unit area at any given temperature, provided they were in a 
perfect vacuum and their surfaces were uncontaminated. The opposite school 
regards these potential differences as an intrinsic properly of the metals affected 
and considers the changes caused by gases and other contaminating agents to be 
of a secondary character. From this standpoint we should expect to find po- 
tential differences between metals in a good vacuum of the same order of magni- 
tude as tho.se observed in a gaseous atmosphere. The advocates of these opposing 
views have waged *an intermittent warfare for a century without coming to a 
definite settlement. 

“Until recently most investigators who have attempted to decide this 
question experimentally have concluded that their results favoured the chemical 
theory. In 1912 the writer pointed out that none of these experiments were 
conclusive, all the observed phenomena being explicable on the intrinsic theory 
when due account was taken of various secondary actions which were bound to 
occur under the conditions of the experiments. Quite recently a considerable 
amount of evidence favouring the intrinsic theory has accumulated Thus 
Richardson and Compton examined the photoelectric currents obtained when 
monochromatic light fell on small discs of various metals placed at the centre 
of a large spherical electrode. With this arrangement the saturation value of the 
current should be reached when there is no difference of potential between the 
two electrodes. This was found to be the case if the contact potentials were 
included among the potential differences operative. Somewhat similar experi- 
ments have been made by Page. In all these experiments good vacuum conditions 
were attained. In addition, in Richardson and Compton’s experiments with 
sodium, and in all Page’s experiments, the metal surfaces tested were cut mechan- 
ically in vacuo. Still more recently the contact difference of potential has been 
measured directly under the best vacuum conditions with surfaces machined 
in vacuo by A. E. Hennings, who finds that the potential differences are still of the 
order usually observed, the metals being more electropositive when freshly cut. 
All these experiments support the intrinsic potential theory, although there is 
abundant evidence that gases produce definite and complicated changes in the 
observed values. On the other hand, Hughes, working with surfaces of metals 
freshly distilled in vacuo^ found the metals to be initially most electronegative and 
to become more electropositive under the action of small quantities of air. Milli- 
kan and Souder, also, have found that surfaces of sodium are most electronegative 
when freshly cut and become more electropositive on oxidation. It is clear that 
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the experimental evidence as to the origin of contact potential differences is still 
conflicting, but the balance would seem to favour the view that it is due to an in- 
trinsic property of the materials and not to surface films of foreign matter.'' 

Fredenhagen believes that the emission electrons from Wehnelt cathodes — 
hot metal cathodes coated with lime or baryta — is a secondary effect, arising from 
the recombination of the earth metal with the oxygen liberated by electrolysis 
during the passage of the current through the oxide. This view is not shared by 
the author, p. 101. 

"Taking all the evidence together it seems to the writer that the view which 
attributes the emission from metallic oxides to the escape, owing to increased 
kinetic energy, of those electrons which give rise to the electrical conductivity of 
such materials has much more to be said for it than any other so far put forward. 
This position is strengthened by the recent experiment? of Germershausen, who 
has shown that the removal of the last traces of gas from a Wehnelt cathode and 
its surroundings increases the emission from it. Under these conditions the dis- 
charge from the lime becomes very steady and shows temperature and voltage 
characteristics similar to those exhibited by tungsten filaments under the best 
vacuum conditions. 

"In recent years oxide-coated cathodes have been very thoroughly studied 
in the Research Laboratory of the American Telephone and Western Electric 
Companies. One result of these researches has been to establish thoroughly the 
view that the emission from such cathodes is an intrinsic property of the oxide 
similar to the emission from pure metals and is not a secondary phenomenon due 
to chemical action, bombardment of the cathode by positive ions, or the like. 
Tests have shown that the oxycathodes maintain their emitting power unimpaired 
in vacuo in which the measured pressures were as low as lO”*® to 10“'® mm. 
Filaments have been maintained in operation for such long periods that the mass 
of the electrons emitted by them exceeded fifteen times the mass of the oxide 
coating. It appears that the value of h for filaments coated with a mixture of 
the oxides of barium, strontium, and calcium is much less than that for a pure 
lime filament and their emitting power at a given temperature is correspondingly 
greater. The value of b deduced from the temj>erature variation of the emission 
is very close to the value deduced from the cooling effect. Direct tests by Davis- 
son and Germer show that any electron emission which may be due to positive ion 
bombardment must in general under the conditions in which the tubes are oper- 
ated be under one ten-thousandth of the total emission and such effects can there- 
fore play no important part in the phenomena. Very interesting experiments have 
been made with filaments coated with oxide evaporated from a second oxide- 
coated filament. It appears that exceedingly small amounts of the oxide (enough 
to cover the underlying metal to about 30 percent of its area with a lay^er of oxide 
one molecule deep) are sufficient to increase the emission from the value appro- 
priate to the pure metal to that characteristic of the oxide. This corresponds to 
an increase in the current by a factor of about 10® imder the conditions of the 
experiments. The variation of the emission with the amount of oxide deposited 
has been investigated. It is found that for very minute deposits the emission 
practically remains at the value for the pure metal, as the deposit increases the 
emission begins to rise rapidly in two steps to a maximum value after which it 
falls with similar rapidity to the value characteristic of a thick oxide layer. Up 
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to beyond the maximwm the emission can be represented as the sum of two terms 
of the form Cx"e*'^“ when C, n and a are constants and x is the amount deposited. 
The drop in the emission over the falling part beyond the maximum appears to be 
due to a drop in the value of A from that for the pure metal to the smaller value 
appropriate to the oxide, the other constant b in the emission formula remaining 
unaltered. Apparently the thinnest deposit has already established the value of 
b appropriate to the oxide.” 

Working with platinum wires which had not been heated in hydrogen for a 
long period, Wilson found that the emission varied with the pressure of the 
hydrogen, whereas Richardson found that the emission from a platinum wire in 
hydrogen is practically constant when the pressure varies from one millimeter to 
0.001 mm, p. 119. “It is clear from the facts which have been described that the 
emission from platinum in an atmosphere of hydrogen shows two quite distinct 
types of behaviour, under conditions which at first sight appear to be identical 
The cause of this difference was investigated by Wilson who found that the con- 
dition in which the emission was sensitive to changes in the pressure of the hydro- 
gen occurred only with ‘fresh’ wires, that is to say, with wires which had not been 
heated in hydrogen for any considerable length of time. The condition of in- 
sensitiveness to change of pressure, on the other hand, was found to be character- 
istic of wires which had been subjected to continued heating in hydrogen. Such 
wires may, for brevity, be described by the term ‘old.’ Wilson has pointed out 
that the observed facts are consistent with the view that in a fresh wire the hydro- 
gen exists in a state of solution, whereas in an old wire most of it is present in the 
form of a compound which is formed with extreme slowness. The essential 
difference between solution and chemical combination lies in the fact that the 
amount of gas dissolved is a continuous function of the external pressure, whereas 
the amount chemically combined, once the reaction has been completed, is con- 
stant, if the external pressure exceeds the dissociation pressure, or zero if the pres- 
sure is below that value. Since the amount of hydrogen present in the wire is 
held to determine the value of the emission at a given temperature, on this view 
the emission will only be a continuous function of the pressure of the external 
hydrogen with fresh wires, in which the gas is present in the dissolved state. The 
dissociation pressure of the hydrogen compound must be very small (under 0.001 
mm.) at the temperature of the experiments referred to (up to 1400° C), since the 
large emission from an old wire could not be removed by pumping. However, 
dissociation pressures vary rapidly with temperature, and Wilson has found 
that the large emission from an old wire can be ‘pumped oat' if the temperature is 
raised to about 1700° C. This view is also substantiated by the fact that the 
large emission from an old wire can be ‘burnt out’ almost instantaneously in an 
atmosphere of oxygen at much lower temperatures; since the pressure of hydrogen 
in equilibrium with water vapour and its dissociation products under the con- 
ditions of such an experiment is very low. It is, however, possible that the burn- 
ing out process contaminates the platinum surface and reduces the emission to a 
value less than that which would characterize a clean platinum surface.” 

There are some curious things about the emission of ions by heated salts, 
p. 261. “The phenomena exhibited by cadmium iodide have been examined in 
some detail by Sheard, who tested both the conductivity and the emission of ions 
from the salt. At temperatures below the melting-point of the salt (400° C) the 
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saturation currents in the vapour decayed continuously from a maximum initial 
value, in agreement with Schmidt’s results. At higher temperatures there was 
a rise to a maximum in about 16 minutes followed by a slower decay. The cur- 
rents due to the emission of ions from the heated salt showed a different behaviour 
from those in the vapour. At 470® C, for example, there was an enormous nega- 
tive emission which decayed very rapidly with time. The positive emission was 
at first too small to measure, but it gradually increased to a maximum value in 
90 minutes and then fell away. At this stage the positive emission was greater 
than the negative, but the greatest positive emission was less than one two- 
hundredth part of the large negative emission observed on first heating. A simi- 
lar but less marked contrast between the positive and negative emissions was ob- 
served when iodine was sknilarly tested. Sheard also examined the behaviour of 
the salt which distilled out of the experimental tube in successive experiments. 
He found that the first distillate gave a small negative and a large positive emis- 
sion whereas the second showed the contrary behaviour. In all the distillates 
there was a great disparity in the magnitudes of the positive and negative emis- 
sions; and in almost every case the distillate from a preparation which gave a 
large negative and a small positive emission, or vice versa, showed the contrary 
behaviour. The currents from all the distillates were much snmller than the large 
initial emission from the fresh salt. The distilled salt showed no appreciable 
change in appearance, but chemical analysis showed that successive distillation 
reduced the percentage of iodine. 

'‘There can be little doubt that these interesting time changes in the 
emission of ions from salts and in the conductivity of .salt vapours are sympto- 
matic of the occurrence of chemical changes, but it is very difficult to form a defi- 
nite opinion as to what the precise nature of the change is, in any particular case. 
When the currents are increasing with time it seems fairly clear that a substance 
possessing greater thermionic activity is being formed and when the currents are 
diminishing the resulting products are less active in this respect. One difficulty 
in forming a judgment as to the nature of the chemical changes arises from the 
delicacy of the electrical test. This is so sensitive that the amount of matter 
concerned might often be incapable of detection by chemical methods. It is also 
possible that many of the effects are due to the occurrence of unstable forms which 
are not persistent enough to be recognized by chemical methods. This is es- 
pecially likely since the time changes show that the bodies concerned have only a 
transitory existence. In many cases these time changes are attributable to the 
presence of contaminants. Thus ordinary laboratory specimens of ‘pure’ alumi- 
num phosphate give an initial emission which is large compared with that from the 
pure salt and which after a time falls to a small value, Horton has shown by 
spectroscopic examination that this decay in the emission is accompanied by the 
disappearance of sodium salts. 

“The complicated phenomena in the case of cadmium iodide have been 
studied more fully, perhaps, than those shown by any other salt, and here it does 
seem possible to form, at any rate, a limited judgment as to the nature of the 
phenomenon from the chemical side. Schmidt has ventured the opinion that the 
time changes in the vapour arise from the decomposition of the molecules of Cdia 
into Cd^'^ and I 2 with a subsequent interchange resulting in Cd+~ and Is"*"", 
that is to say, two neutral molecules. It does not seem to the writer, however, 
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that any theory of this type will account for the observed time changes in the 
vapour in presence of an excess of salt. So long as there is any excess of salt the 
vapour will be supplied at a steady rate and the phenomena observed in it should 
be independent of time until the salt disappears. It is necessary to suppose that 
the actions in the vapour are not conditioned solely by the amount of Cdlg vapour 
present but rather by some other substance coming from the salt. The time 
changes must in fact be conditioned by something the amount of which is deter- 
mined by actions occurring at the salt and not simply by a decomposition of 
cadmium iodide vapour. In one respect this question has been definitely settled 
by Kalandyk who has shown that the currents in cadmium iodide vapour under the 
conditions of these exi>eriments are independent of the time, provided every trace 
of water is removed from the salt and from the apparatus The way in which 
water brings about the time changes usually observed is unknown. Kalandyk’s 
experiments only tell us that there are no time changes when water is absent, they 
do not offer an explanation of the changes which occur in the presence of water or 
water vapour. Sheard’s results point to the conclusion that the large negative 
initial emission, when it is present, is connected with the liberation of iodine. On 
this view the smaller negative emission from the distillates would be related to the 
reduced iodine content of the salt, which after distillation proV)ably consi.sts of a 
solution of an unrecognized subiodide of cadmium in Cdl* The pre.sence of the 
subiodide would reduce the equilibrium pressure of iodine in presence of cadmium 
iodide vapour. The probable existence of a subiodide of cadmium is distinctly 
indicated by the work of Morse and Jones who succeeded in isolating a 
body having the composition Cdiilis, probably a solution of the subiodide in 
Cdl2.’' 

The behavior of quinine sulphate is apparently not what LeBon thought it 
was, p. .S()4 “The ionization, di.scovered by TeBon, which accompanies the 
hydration and dehydration of certain crystals has frequently been attributed to 
chemical action. The case which has attracted most attention is that of quinine 
sulphate. This substance, when allowed to cool after heating to a certain high 
temperature, phosphoresces and causes the surrounding gas to become conducting 
Miss Gates showed that the ionization was not caused by rays capable of pene- 
trating the thinnest aluminum foil. She also found that the current from the 
salt was greater when it was positively than when it was negatively charged and 
that the hydration of a given amount of salt caused a greater conductivity than 
the dehydration. These results were confirmed by Kalaehne, who concluded, in 
addition, that the hydration of a given amount of the salt at a fixed temperature 
liberated a constant quantity of electricity independently of the rate of hydration, 
although the actual instantaneous currents depend very considerably on the rate 
of hydration. Recent experiments by deBroglie and Brizard suggest that in all 
these cases the ionization is only an indirect effect of the absorption or liberation of 
water vapour. Both the ionization and the luminOvSity observed with the sul- 
phates of quinine and cinchonine seem to be due to minute sparks arising from the 
triboluminescence of the crystals of these substances which takes place during 
hydration and dehydration. Although it is almost impossible to saturate the 
currents from these substances the ions have a high coefficient of re-combination. 
Both the ionization and the scintillations increase as the pressure is reduced from 
atmospheric.” Wilder D. Bancroft 
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Elementary Chemical Microscopy. By £,mik Monnin Chamot. Second 
edition. 23 X IS PP- ^ + 470 ^ York: John Wiley and Sons, IQ21. 

Price: $4.23. — The first edition was reviewed six years ago (20, 175). At that 
time the reviewer was able to bear witness from first-hand knowledge of the im- 
portance of the microscope in the study of alloys. Quite recently Mr. Chamot*s as- 
sistant has cleared up with only six month’s work the whole question of the blue 
colors and the metallic colors in birds’ feathers. When one remembers that men 
like Rayleigh and Michelson have worked at this problem without settling it, 
this must be considered a triumph for chemical microscopy. There will never be 
any doubt as to the value of the microscope to the chemist in the minds of those 
who are privileged to know the remarkable work on primers done by Mr. Chamot 
during the war. The same statement is made in a very modest way in the preface. 
“The Great War brought us face to face with a multitude of intricate industrial 
and economic problems, in the solution of which the chemist was not slow to 
appreciate the importance and the value of industrial chemical microscopy. 
It is probable that a greater number of new applications of microscopic methods 
were made in our industries than in the entire preceding quarter of a century.” 

According to the author the changes in the new edition “have been chiefly 
in the rearrangement of the chapters, in the elaboration of the data presented, 
and in the rewriting of obscure passages. Comparatively little new apparatus 
has been described or new methods introduced.” In the appendix is a brief 
synopsis of the course in Introductory Chemical Microscopy as now given in the 
Department of Chemistry at Cornell University. 

The subject is now presented under the following headings: objectives and 
oculars; illumination of objectives and illuminating devices; microscopes for use in 
chemical laboratories; vertical illuminators and metallurgical microscopes; 
ultramicroscopes and apparatus for the study of ultramicroscopic particles; 
useful microscope accessories, laboratory equipment, work tables, and radiants; 
micrometry and micrometric methods; quantitative analysis by means of the 
microscope; the determination of melting and subliming points; the determination 
of refractive index by means of the microscope; crystals under the microscope; 
methods for handling small amounts of material; the methods of microchemical 
qualitative analysis; characteristic microchemical reactions of the common 
elements and acids when in simple mixtures; preparing opaque objects for the 
microscopic study of internal structure; appendix. 

The reviewer was interested in the statement, p. 310, that “in the micro- 
chemical examination of rock sections, aluminum hydroxide can be stained with 
Congo red and gelatinous silica with malachite green — ^tests which may be em- 
ployed in testing for 'weathering,' etc ” Off-hand one would have expected an 
acid dye to have worked better with alumina than a substantive dye. 

Wilder D. Bancroft 
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The price of Gildemeister and Hoffmann’s “The Volatile Oils” is $10 per 
volume and not $7.50 as stated (.25, 762). 



HYDROUS OXIDES. Ill 


BY HARRY B. WEISER 

Hydpous Chromic Oxide 

Earlier communications in this series^ have dealt pri- 
marily with the colloid chemistry of the hydrous oxides of 
iron and aluminum. In this paper will be considered the 
properties of the various hydrous chromic oxides prepared 
under different conditions. 

Composition and Properties of Precipitated Chromic Oxide 

The Question of Hydrates . — The addition of ammonia or an 
alkali to a solution of a chromic salt precipitates a gelatinous 
oxide, the composition and properties of which vary widely de- 
pending on the conditions of precipitation and the subsequent 
treatment. The drying of the precipitated oxide may be car- 
ried out under such conditions that the resulting product ap- 
proaches the composition of a hydrate. Accordingly, the older 
literature contains numerous references to such definite hy- 
drates. Thus to the oxide precipitated with KOH and NH4OH 
Schaffner’^ assigned the formulas, Cr203.4H20 and Cr203. 
fiHoO respectively. The oxide dried over sulphuric acid was 
represented by Cr208.7H20. Similarly, Siewert® found that 
the composition of the bluish oxide prepared by treating a 
dilute solution of a chromic salt with ammonium hydroxide 
could be represented by the formula Cr208.7H20 when dried 
with sulphuric acid; by Cr203.4H20 when dried in vacuo; 
and by Cr208.H20 when dried at 200° to 220°. The investiga- 
tions of Siewert were repeated by van Bemmelen ' who showed 
conclusively that no definite hydrates were formed at any 

‘ Jour. Phys. Chetn., 24, 177, 506 (1920). 

2 Liebig's Ann., 51, 169 (1844). 

» Jahresber., 1861, 242. Cf. Loewel: Jour. Phariu., (3) 7, 323, 401,424 
(1845); Fr6my: Comptes rendus, 27, 269; 30, 415 (1847); 47, 883 (1858); 
Leforte: Jour. Pharm., (3) 18,27 (1850); Vincent: Phil. Mag., (4) 13,191 (1850). 

4 Rec. Trav. chim. Pays Bas, 7, 37 (1888). 
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temperatiire between 15° and 280°. By heating the precipi- 
tated oxide at temperatures varying from 15° to 100° in (a) 
saturated atmosphere (b) ordinary air and (c) dry air, until 
the wieght was constant, van Bemmelen found that at every 
temperature equilibriiun was established between the vapor 
tension of the colloid and that of water at the same temperatiue. 
It was noted that at 65° in a saturated atmosphere, the oxide 
retained more water than at 15° in dry air. These observa- 
tions have been recently confirmed and extended by von 
Baikow.^ In the light of this work it is evident that a compo- 
sition corresponding to the formula for a definite hydrate just 
happened to be obtained under the conditions of drying em- 
ployed by earlier chemists. 

Although chromic oxide as ordinarily prepared forms no 
definite hydrate, Fer6e^ claims to have prepared the compound 
Cr203.H20 by electrolysis of a neutral solution of CrCla with 
a platinum cathode. The brownish black amorphous powder 
loses water on heating to 80°. Whether this is a definite in- 
version point and all the water is lost at this temperature is 
not stated. When heated to 400° the powder glows and the 
ordinary green oxide is formed. It is also claimed by some that 
a green hydrate known as Guignet’s green® is formed by fusing 
one part of a bichromate of sodium or potassium with 3 parts 
of boric acid. Salvetat^ represents the composition by the 
formula Cr203.H20. Scheurer-Kestner® prepared the oxide 
in a purer condition and assigned it the formula 2Cr203.3H20. 
Wohler and Becker® obtained a similar product using ammo- 
nium bichromate instead of the alkali salt and also by heating 
the ordinary oxide in an autoclave at 180° to 250°. It was 
noted that a green product containing 37 percent of water did 
not change in color when dried at 80°. Under these condi- 

^ Jour. russ. phys. Chem. Ges., 39, 660 (1907). 

*BuU. Soc. chim. Paris, (3) 25, 620(1901); Cf. Bunsen: Pogg. Ann., 91, 
619 (1864); Gcuther: Liebig'.s Ann., 118, 66 (1861), 

® Guignet: Jahresberichte, 1859, 761. 

* Comptes rendus, 48, 295 (1859). 

‘ Dingl. Jour., 176, 386 (1866). 

® Zeit. angew. Cheni., 21, 1600 (1908); 24, 484 (1911). 
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tions the water content was 15.10 percent corresponding to the 
formula 2Cr203.3H20. The color darkened gradually as 
more water was driven off by raising the temperature so that 
Wohler and Becker concluded that the green oxide must be a 
definite hydrate. Ebner and Hue’ also believed that Guig- 
net’s green is a definite hydrate to which they assigned the 
formula 2Cr203.5H20. The oxide prepared in any way is 
distinctly amorphous in character and behaves like the ordi- 
nary precipitated oxide in this respect that it loses water con- 
tinuously as the temperature is raised. While it is entirely 
possible to dry the oxide under such conditions that the 
percentage composition approaches that of a definite hydrate 
it is extremely doubtful whether any hydrate is formed. This 
point will be considered further under the discussion of the 
color of the oxide. 

Aging . — Hydrous chromic oxide freshly precipitated from 
a cold chromic salt solution with an alkali or ammonia is 
readily soluble in acids with the formation of the correspond- 
ing salts and is peptized by alkali hydroxides with the forma- 
tion of a colloidal solution. On standing the oxide “ages” 
quite rapidly, the velocity of change increasing with the tem- 
perature. In this process the physical character and water 
content of the precipitated oxide undergoes a change that is 
accompanied by a marked decrease in solubility and reactivity. 
The oxide peptized by alkali ages particularly rapidly. 


Table I 

Molar Heat of Solution of Hydrous Oxides precipitated from Solu- 
tion in Alkali 


Time 

Molar heat of 
solution. Cal 

Time 

Molar heat of 
solution. Cal. 

0 

20.70 

7 hr. 

2.40 

10 min. 

7.90 

1 da. 

1.75 

1 hr. 

5.80 

7 da. 

1.20 

2 hr. 

3.90 

30 da. 

0.75 

4 hr. 

2.85 

60 da. 

0.50 


‘ Farbenztg., IS, 2106, 2167, 2213, 2268, 2319 (1910). 
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Recoura* followed the change by detennining the molar heat of 
solution in hydrochloric acid of the oxide precipitated with 
add from the colloidal solution in alkali after definite intervals 
of time. His results are given in Table I. 

It will be noted that the change in the heat of solution is 
very marked during the first few minutes. This change is ac- 
companied by a similar decrease in solubility. Since the aging 
is more rapid at higher temperatures we should expect the 
oxide predpitated at 100° to be much less soluble than that 
thrown down at room temperature. This is in accord with 
the facts. The change from a very soluble to a less soluble 
form of hydrous chromic oxide has led to the conclusion 
that the compound exists in definite allotropic or isomeric 
modifications.* This is very unlikely, particularly in view 
of the fact that there is no inversion point for a soluble and an 
insoluble modification. Between these two extremes of sol- 
ubility it is possible to prepare an indefinite number of hydrous 
oxides each differing slightly from the others in water content, 
in size of particles, in structure of the mass and consequently 
in reactivity with acids and alkalis. This behavior is entirely 
analogous to the behavior of the hydrous oxides of iron and 
aluminum that have been considered in the earlier papers in 
this series. 

The Glow Phenomenon . — When hydrous chromic oxide is 
heated at a suitable rate to temperatures around 500°, it 
evolves enough heat to cause it to become incandescent. The 
temperature at which the glowing takes place varies with the 
sample and with the method of heating. Berzelius,* Wohler* 
and Endell and Rieke'* give approximately 500° for the glow 
temperature; LeChatelier® gives 900°; and Rothaug® showed 
that the “glow temperature varies between 420° and 680° 

• Comptes rendus, 120 , 1-335 (1805). 

“ Berzelius: Lehrbuch. 6th Edition, 2, 315 (1848). 

’ Zeit. Kolloidchemie, 11,241 (1013). 

< Zentralblatt Min. Geol., 1914, 246. 

‘ Bull. Soc. chim. Paris, 34, 70 (1880). 

* Zeit. anorg. Chem., 84 , 105 (1913). 
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depending on whether the precipitate was in a powdery or 
granular form.” The glow phenomenon is regarded by some as 
strong evidence in support of the view that there are two allo- 
tropic modifications of the oxide. Thus Berzelius, who ob- 
served it first, believed that the glow attended the transfor- 
mation from one modification to another. This view seens to 
be shared by Moissan,* LeChatelier'^ and Mixer.® Siewerf* 
considers that the glowing is merely an accompaniment of the 
dehydration process since the dehydrated oxide does not glow 
when heated. The latter observation was confirmed by 
Mixer® who showed that if the hydrous oxide was heated grad- 
ually to 500° and above, the olive green oxide lost most of 
the water and became clear green without any glowing taking 
place. Since the glowing of the precipitated oxide depends on 
the rate of heating and since the glow temperature varies 
widely depending on the size of the particles, it seems alto- 
gether unlikely that the phenomenon accompanies the trans- 
formation from one definite modification to another. More- 
over, Wohler® and Endell and Rieke® have observed a similar 
phenomenon with a number of hydrous oxides as well as 
other substances ; and it is improbable that all of them should 
exist in two forms. From the results of his investigations 
Wohler concludes that the glow is due to a sudden decrease 
in the very large surface of the hydrous oxide prepared by 
precipitation. In support of this view he showed that the 
glowing is increased by all conditions which favor hydrosol 
formation in the preparation of the oxide, for example, the 
use of dilute solutions of reagents; the use of chloride rather 
than sulphate and of KOH rather than NHiOH. Moreover, 
the glow was found to be greater, the greater the adsorption 
capacity of the precipitate, indicating that the phenomenon 

1 Bull. Soc. chim. Paris, (2) 34, 70 (1880); Ann. Chim. Phys., (5) 21 
199 (1880). 

2 Bull. Soc. chim. Paris, (2) 47, 303 (1887) 

3 Am. Jour. Sci., (4) 26, 125 (1908); 39, 295 (1915) 

^ Jahresberichte, 1861, 243. 

® Zeit. Kolloidchemie, 11, 241 (1913). 

^ Loc. cit. 
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is connected closely with the extent of surface. He showed 
that the heat evolved by 1 gram of oxide was sufficient to 
raise its temperature from 50° to 100°, depending altogether 
on the extent of surface. In summing up his conclusions, 
Wohler says: “The glowing of the surface appears to be the 
final stage in the spontaneous loss of surface energy by con- 
tinuous condensation: from the hydrosol, whose coagulation 
is accompanied by an evolution of heat, through the hydrogel 
and the anhydrous pseudomorphous gel to the ignited oxide 
whose surface is almost nil, judging from its adsorption 
capacity.” 

In view of Wohler’s interesting observations, there is 
little doubt but that the glowing which frequently accom- 
panies the ignition of hydrous oxides is a surface phenomenon. 
The oxides prepared in different ways vary in the size of the 
particles and the amount of enclosed water and hence in the 
extent of surface. The maximum glow and heat evolution is 
obtained when the sample made up of finest particles is heated 
rapidly to the glow temperature which is in the neighborhood 
of 500°. If a fine-grained precipitate is heated very slowly or 
kept for some time below the glow temperature, there is a 
gradual, instead of a sudden diminution of surface which is 
not accompanied by incandescence. 

Color . — Hydrous chromic oxide can be obtained in var- 
ious shades from a clear gray blue to a dark green. Certain 
of these colors such as chrome green and Guignet’s green 
constitute the most permanent green pigments. The color 
of the oxide freshly precipitated in the cold is variously de- 
scribed by different people as bluish, violet blue, clear blue, 
clear gray blue and gray violet. The shade differs somewhat 
depending on whether it is precipitated from a green or violet 
chromic salt. On drying the precipitate the color changes 
to a distinct green and the dry amorphous oxide is described 
as a vivid green. Wohler and Becker' converted’ the ordinary 
precipitated oxide which they described as gray violet into 


* Loc. cit. 
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Guignet’s green by aging in an autoclave at 180° to 250°. 
The rate of precipitation seems to have a marked effect on the 
color. Thus, Casthelaz and Leune* claim to have prepared 
an oxide with a richer and purer color than Guignet’s green 
simply by slow precipitation at ordinary temperatures of a 
green solution of a chromic salt with Al(OH) 3 , ZnCOs, ZnS 
or Zn. 

As might be expected the variation in the color of the 
hydrous oxide is regarded by many as due to different allotropic 
modifications of the oxide. Thus Loewel- distinguishes four 
distinct modifications based on difference in color and solu- 
bility. Leforte^ attributes the different colors to different 
hydrates. Fremy* concludes that the hydrous oxide formed 
from a cold violet solution is an instable meta-chromium hy- 
droxide while that precipitated from a green solution is a 
stable isomer. He is led to this conclusion by the observa- 
tion that a compound having different properties from the 
so-called meta-oxide is formed by precipitation from boiling 
solution or by allowing the oxide precipitated from the violet 
solution to stand under water or salt solution, or to dry in the 
air. As we know, Fremy observed the aging or transformation 
from the highly hydrous form of the oxide to the less hydrous 
insoluble form — a continuous process in which there is no 
indication of definite isomeric modifications. Berzelius’’ like- 
wise recognizes two modifications the evidence for which is 
that the oxides precipitated from violet and green solutions, 
respectively, redissolve in acids giving solutions with the 
original color. This seems to depend altogether on the method 
of procedure. Thus Recoura® added alkali to a green solution 
until a precipitate was formed which was dissolved at once 
with HCl forming a violet solution. Olie’’ obtained similar 

* Bull. Soc. chim. Paris, (2) 10 , 170 (1868). 

2 Jour. Pharm., (3) 7, 323, 401, 424 (1845). 

® Comptes rendus, 30, 416 (1850); Jour. Pharm., (3) 18, (1850). 

^ Ann. Chim. Phys., (3) 23, 388 (1848). 

Lehrbuch. 5th Ed., 2, 315 (1848). 

® Comptes rendus, 104 , 1227 (1887); Ann. Chim. Phys., (6) 10 , 1 (1887). 

‘ Zeit. anorg. Chem., 52, 48 (1907). 
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results by adding alkali just short of precipitation and then 
acidifying the solution. However, Recoura’ did obtain a 
green solution by dissolving the hydrous oxide precipitated 
from what he claimed to be Cr20Cl4. From the results of 
his investigations Recoura distinguishes three isomers of hy- 
drous chromic oxide but he recognizes no differences in color. 
Thus he states that one and the same modification is obtained 
from either green or blue CrCb; a second modification from 
CrzOCh ; and a third from the solution of either of the other two 
in alkali. The reasons given for regarding these as isomeric 
modifications, is their different “solubilities in alkalis and their 
different heats of solution in acids.’’ Since an unbroken series 
of hydrous oxides can be prepared each differing slightly from 
the others in their behavior with acids and alkalis, it seems to 
me that Recoura’s so-called isomers are not definite allotropic 
modifications but merely represent certain ones of the many 
hydrous oxides that may be prepared by a suitable choice of 
conditions of formation. 

Reference has been made to the observations of Wohler 
and Becker which led them to the conclusion that Guignet’s 
green is a definite hydrate. They conclude further that this 
pigment is a hydrate isomer bearing a relation to the ordinary 
blue oxide similar to the relationship between blue and green 
chromic chloride. I have pointed out that their evidence in 
support of a definite hydrate is altogether inconclusive. Their 
conclusion that the gray blue oxide and Guignet’s green are 
hydrate isomers is equally questionable. In support of their 
view they show that the precipitated oxide and the clear green 
pigment having the same water content, have a distinctly 
different vapor pressure at the same temperature. This dif- 
ference is to be expected when we consider that the conditions 
of formation of the two oxides are quite different. As has 
been demonstrated by van Bemmelen'® the vapor pressure of a 
hydrous oxide is determined not only by the amount of water 

' Comptes rendus, 101, 435 (1886). 

* ‘‘Die Absorption,” 239 et seq. (1910). 
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it contains but by its structure. Since the conditions of 
forming Guignet’s green and the ordinary oxide are so different 
we are not surprised to find that there is a difference in the 
size of the particles and the structure of the masses of each, 
as is evidenced not only by difference in vapor pressure but 
by difference in color. In the second place, Wohler and Becker 
point out that heating the ordinary precipitated oxide in an 
autoclave converts it to Guignet’s green. However, they were 
unable to find a definite inversion temperature for two isomers 
and it is extremely doubtful whether any exists as the sub- 
sequent experiments will show. 

Experimental 

Effect of Temperature of Precipitation on Color . — Twenty 
cubic centimeter portions of a solution containing 0.2 gm of 
CrCla were treated with just enough NaOH solution to cause 
complete precipitation at the various temperatures shovra in 
Table II; and the precipitates were kept at this temperature 
for a definite length of time. For temperatures above 100° 
the precipitations were carried out in an autoclave in the fol- 
lowing way ; The chromic salt solution was placed in a 50 cc 
pyrex beaker which was set on a wire gauze in the center of 
an autoclave vessel. The alkali solution contained in a small 
vial was set in the beaker. When the desired temperature 
was reached, the solutions were mixed by shaking the autoclave, 

Table II 

Effect of Temperature of Precipitation on the Color of Hydrous 

Chromic Oxide 


Temperature 

Time of heating 

0° 

*30 min . 

50° 

30 min . 

100° 

*30 min. 

150° 

30 min . 

200° 

30 min . 

200°-225° 

15 hr. 


Color of precipitate 


gray blue 
greenish blue 
bluish green 

green with faint tinge of blue 
clear green 
bright green 
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thus upsetting the vial. The temperature was determined 
from the reading on a calibrated pressure gauge. 

From the results recorded in Table II it is evident that 
the color varies continuously from gray blue to clear green with 
increasing temperature of precipitation. There is no indica- 
tion whatsoever that the different colors are due to different 
isomers but to a difference in the size of the particles, the 
structure of the mass and the amount of water enclosed under 
the different conditions of formation. As the color changes 
from blue to clear green with increasing temperature of pre- 
cipitation, the oxide becomes less gelatinous, less soluble in 
acids and less readily peptized by alkalis. The variation in 
color is quite similar to that observed with hydrous ferric 
oxide prepared under different conditions.^ 

Effect of Rate of Precipitation on Color. — If hydrous chromic 
oxide is precipitated very slowly from a chromic salt solution, 
it should come down in a much more granular and less hydrous 
condition than when precipitated rapidly. Under these con- 
ditions one should expect to get a clear green hydrous oxide. It 
will be recalled that Casthelaz and Leune^ prepared a green 
pigment which they called imperial green by the slow pre- 
cipitation of a chromic salt with Al(OH) 3 , ZnCOa, ZnS or Zn 
at 10°. Their observations were confirmed by adding Znto a 
solution of CrCls and allowing to stand for several days at 25°. 
A clear dark green oxide was obtained which was very much 
more granular than the oxide prepared by rapid precipitation. 
The compound was quite insoluble in N H 2 SO.,. 

PFeparation and Propepties of Colloidal Hydrous Chromie 

Oxide 

A The Positively charged Colloid 

Peptization of Hydrous Chromic Oxide by Chromic Chloride. 

1 Weiser: Jour. Phys. Chem., 24 , 313 (1920). 

2 Bull. Soc. chim. Paris, (2) 10, 170 (1868). 

® Phil, Trans., 151 , I, 183 (1861). 
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ing the freshly precipitated oxide with chromic chloride and 
dialyzing to remove excess electrolyte. After thirty days’ 
dialysis in the cold a colloidal solution was obtained containing 
1 equivalent of acid to lO.G of oxide; after thirty-eight days, 
it contained 1 equivalent of acid to 31.2 of oxide but a part of 
it had jelled on the dialyzer. The colloidal solution was dark 
green, could be diluted with water or heated but was very 
instable in the presence of salts. 

Neidle and Barab’ investigated the dialysis of a col- 
loidal solution of chromic oxide peptized by excess chromic 
chloride. The colloid was placed in a parchment membrane 
which was surrounded with water. In one series of experi- 
ments the water was changed at intervals; while in a second 
series, a continuous flow of water through the dialyzer was main- 
tained. The interesting observ’^ation was made that the col- 
loidal particles passed through the membrane used, in both 
cases. In the intermittent dialysis, the colloid continued to 
diffuse until but little remained in the membrane ; while in the 
continuous dialysis, the passage of the colloid ceased after a 
time and 75 percent remained within the membrane. Neidle 
and Barab conclude that two factors influenced the growth of 
the colloidal particles during dialysis : agglomeration following 
removal of peptizing agent and growth of nuclei by hydrolysis 
of absorbed chloride by adsorbed water. In the intermittent 
dialysis the removal of peptizing agent was not rapid enough 
to cause sufficient agglomeration to prevent the passage 
of the colloid through the particular membrane; while in the 
continuous dialysis, a gradual growth of the particles resulted 
Anally in their retention by the membrane. In a later communi- 
cation Neidle and Barab- showed that a colloidal solution 
of hydrous chromic oxide in chromic chloride could be 
dialyzed continuously at a high temperature^ thereby shorten- 
ing by weeks the time to get a colloidal solution containing a 
minimum amount of peptizing agent. 

» Jour. Am. Chem. Soc., 38, 1961 (1916). 

» Ibid., 39, 70 (1917). 

•Neidle: Ibid., 38, 1270 (1916). 



412 


Harry B. Weiser 


Certain investigators* are of the opinion that colloids pre- 
pared according to the Graham method above described, are 
chlorides of condensed hydroxides or oxychlorides of variable 
compostion. But little support is given to this view by the 
fact that a large number of basic chromic chlorides are described 
in the literature® since all of them are amorphous powders and 
it is extremely doubtful whether any of them are definite com- 
pounds. Certainly in most cases they are mixtiues, the com- 
position of which just happened to be expressible by a formula. 
Bjerrum® has shown that basic chlorides having the formulas 
Cr(OH)Cl 2 and Cr(OH) 2 Cl may be formed in small amounts on 
adding alkali to chromic chloride and Recoura"* claims to get 
Cr 20 Cl 4 by the oxidation of CrCU in the air; but it is unlikely 
that any quantity of basic salt is present in the well dialyzed 
solution of hydrous chromic oxide in chromic chloride. Neidle 
and Barab dialyzed such a colloidal solution in the hot for 
29 hours and found the ratio, equivalents Cr : equivalents 
Cl to be above 1500. It seems absurd to regard such a solu- 
tion as a basic salt. Hydrous chromic oxide is peptized by 
chromic chloride owing to preferential adsorption of Cr’ ’ ’ and 
H' ions. The excess CT ion after dialysis is not an indication 
of the presence of basic chloride but is a measure of the amount 
of adsorbed cations which give the colloid its stability. 

Hydrolysis of Chromic Acetate . — If a solution of a ferric 
or aluminum salt is boiled with sodium acetate, the acetate of 
the trivalent metal is formed which hydrolyzes precipitating 
the respective hydrous oxides. By working at low concen- 
trations, coUoidal solutions of the hydrous oxides of iron and 

‘ Wyrouboff: Bull. Soc. chim. Paris, 21, 137 (1899); Jordis: Zeit. anorg. 
Chem., 35, 16 (1903); Duclaux: Comptes rendus, 138, 144, 809 (1904); 140, 
1468,1544(1905); 143,296,344(1906); Jour. Chim. Phys., 5, 29 (1905) ; Linder 
and Picton: Jour. Chem. Soc., 81, 1920 (1905). Nicolardot: Ann. Chim. 
Phys., (8) 6, 344 (1905); Malfitano: Zeit. phys. Chem., 68, 232 (1909); Michel: 
Comptes rendus, 145, 185, 1275 (1907); 147, 1052, 1288 (1908). 

* See Moberg; Jour, prakt. Chem., 29, 175 (1843) ; Loewel: Jour. Pharm., 
4, 424 (1843); P^ligot: Comptes rendus, 21, 24 (1845); Ordway; Am. Jour. 
Sci., (2) 26, 202 (1858); Olie: Zeit. anorg. Chem., 52, 62 (1906). 

* Zeit. phys. Chem., 73, 72 (1910). 

< Ann. Chim. Phys., (2) 10, 1 (1887). 
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aluminum may be prepared by hydrolysis of the acetates.* 
Chromic acetate behaves differently. Reinitzer- boiled solu- 
tions of chromic chloride and sulphate with sodium acetate 
for a short time and obtained a violet solution but no precipi- 
tate. This solution gave no precipitate in the cold with 
sodium or potassium hydroxide, ammonia, ammonium hy- 
drosulphide, ammonium carbonate, sodium phosphate, barium 
hydroxide or barium carbonate. A precipitate was obtained 
in the hot with all of the above reagents except sodium phos- 
phate. A similar solution which gave no test for Cr ' ‘ ’ ion 
was obtained by allowing the solution of chromic salt and so- 
dium acetate to stand in the cold for a sufficient length of 
time. That there is a slow action even in the cold in the pres- 
ence of alkalis is evidenced by a change in color of the solution 
and the formation of a jelly on standing. Recoura® and Wer- 
ner^ point out that the hydrolysis of chromic acetate does not 
form hydrous chromic oxide but a basic acetate. Although 
some colloidal hydrous chromic oxide may be formed by 
boiling a chromic salt solution with sodium acetate, it is al- 
together probable that this process results chiefly in the forma- 
tion of one or more of the complex chromic acetates, a number 
of which have been isolated in a definite crystalline form by 
Werner* and by Weinland and his pupils.® Solutions of these 
salts do not give the usual reactions for Cr' ' ' ion since the 
chromium is a constituent of a complex ion. It is an inter- 
esting fact tliat in the presence of excess violet chromic acetate, 
iron and aluminum acetates cannot be detected either by 
heating to the boiling point or by adding caustic alkalis or 
ammonia. As will be pointed out later in this paper, we 
know that hydrous chromic oxide peptized by hydroxyl ion 
adsorbs and so carries into colloidal solution, a number of hy- 
drous oxides not peptized by alkalis. This suggests that the 

> Cf. Weiser: Jour. Phys. Chem., 24, 277, 505 (1920). 

‘ Monatshefte flir Chemie, 3, 257 (1882). 

• Comptes rendus, 129, 158, 208, 288 (1899). 

‘ Ber. deutsch. chem. Ges., 41, 3447 (1908). 

‘ Ber. deutsch. chem. Ges., 41, 3236 (1908); 42, 2997, 3881 (1909); Zeit. 
anorg. Chem., 67, 167 (1910) ; 69, 158, 217 (1910) ; 75, 293 (1912) ; 82, 426 (1913). 
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hydrous ferric oxide formed by hydrolysis of ferric acetate is 
kept from precipitating owing to adsorption by colloidal hy- 
drous chromic oxide. This explanation does not seem to be 
in accord with the facts. In the first place, the evidence 
seems to indicate that hydrous chromic oxide is not the primary 
product of the hydrolysis of chromic acetate ; and in the second 
place, Reinitzer* showed that green chromic acetate formed by 
boiling and so hydrolyzing the violet salt does not prevent 
the precipitation of hydrous ferric oxide : “The influence of a 
chromic salt on the precipitation of ferric or aluminic salts 
varies to a certain extent according as to whether it is in the 
violet or the green modification. When a green solution of 
chromic acetate is mixed with a small quantity of ferric acetate, 
and the mixture is boiled, the iron is separated in the form of 
a flocculent precipitate; but if a solution of ferric acetate be 
added to an originally violet solution of chromic acetate and 
the mixture boiled, then, whatever may be the quantity of ferric 
solution added, no precipitation of iron will take place. Exactly 
the same is the case with a violet solution of chromic acetate 
obtained by boiling a green solution with sodium acetate ; also 
vrith a green chromic acetate boiled without any addition. 
Green chromic acetate, therefore, acts like most metallic salts 
when heated, in precipitating a solution of ferric acetate; 
whereas violet chromic acetate, so far from producing a precipi- 
tate, even renders a large portion of the iron acetate as indiffer- 
ent towards reagents as itself.” In the light of these observa- 
tions it seems quite probable that the behavior of mixtures of 
ferric and violet chromic acetates is due to the formation of 
one or more iron chromic acetate complexes. At least two 
series of such complex salts have been prepared by Weinland 
and Guszmann.^ 

Reinitzer® claims to have prepared a colloidal solution by 
dialysis of chromic acetate. A violet acetate solution was 
evaporated on a water bath giving a green amorphous mass 


1 Jour. Chem. Soc., 42, 825 (1882). 

2 Ber. deutscb. chem. Ges., 32, 3881 (1909). 
’ Monatshefte fdr Chemie, 3, 249 (1883). 
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soluble in water. The green solution was treated with an ex- 
cess of sodium acetate and boiled. A violet solution was 
again formed which was dialyzed giving what was claimed to be 
a violet colloid that gave a violet deposit on evaporation. 
Woudstra* followed a similar procedure; A solution of hy- 
drous chromic oxide in acetic acid was evaporated to dryness 
at 40° and a greenish black residue was obtained, which was 
subsequently dissolved. A part of this solution was dialyzed 
(the method and time of dialysis is not stated) ; and a part was 
distilled with steam until there appeared a green precipitate 
which was filtered off. These two preparations showed slightly 
different properties, but each had a lilac or violet color in 
transmitted light similar to Reinitzer’s preparation. Neither 
solution was precipated by the addition of 20 percent 
solutions of MgS04, BaCb, NajCOj, KCN, KSCN, KMn04, 
NaOH, (NH4)2C03, or (NH4)2(COO)2, or by the addition of 
concentrated H2SO4, HCl or HNO3. The acids gave green 
solutions. 

While the preparations of Reinitzer and of Woudstra may 
contain some colloidal hydrous chromic oxide, the amoimt 
must be small and the colloid very impure, particularly in view 
of the extraordinary stability in the presence of an excess of 
salts that ordinarily would precipitate colloidal chromic oxide 
in very low concentration. Since chromic acetate can form 
such a variety of complexes under varying conditions, it seems 
probable that the Reinitzer and Woudstra solutions were chiefly 
complex salts. The more recent observations of Neidle and 
Barab'^ support this view. These investigators passed steam 
into a chromic acetate solution and dialyzed. Although such 
a procedure would favor the growth of any particles of colloid 
it was found that all the chromium passed through the mem- 
brane. 

Hydrolysis of Chromic Nitrate. — Since nitrate ion usually 
has a smaller precipitating action on positive colloids than 

‘ Zeit. Kolloidchemie, 5, 33 (1909). 

» Jour. Am. Chem. Soc., 38, 1961 (1916). 
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chloride ion, Biltz‘ undertook the preparation of a number of 
colloids from the nitrate solution. Chromic nitrate was 
placed in parchment paper thimbles and was dialyzed at room 
temperatiwe for 8 days changing the wash water three times 
a day. The colloid so prepared was clear, dark green in color 
and comparatively stable toward electrolytes. Both the sta- 
bility of the colloid and the presence of excess nitrate indicate 
that eight days’ dialysis in the cold is insufficient to prepare 
a pure colloid. Woudstra* dialyzed chromic nitrate in the cold 
for 4 weeks and obtained a clear green colloid that contained 
relatively little nitrate. However, most of the chromium had 
diffused through the membrane so that the solution was very 
dilute. 

Hydrolysis of Chromic Chloride. — Graham failed to get a 
colloid by dialysis of chromic chloride. Since he used an inter- 
mittent method of dialysis Neidle and Barab’ attribute his 
failure to the experimental method. The latter investigators 
dialyzed a solution of commerical chromic chloride in the cold 
changing the diffusate continuously for 11 days; and found 
that 7.72 percent of the salt was transformed into colloid. 
A specially prepared green chromic chloride gave but a trace 
of colloid in the same time. The difference is accounted for 
by the fact that the presence of a little colloid in the commercial 
chloride accelerates the hydrolysis. Since the temperature 
coefficient of hydrolysis of chromic chloride is considerable,® 
very much higher yields were obtained by dialysis at 75° to 
80°. The colloids were clear deep green and perfectly mobile 
when first prepared; but they jelled on standing if the dial- 
ysis was carried too far. 

Reduction of Ammonium Chromate with Colloidal Plati- 
num. — Paal* prepared a colloidal solution of hydrous chromic 

‘ Ber. dwtsch. chem. Ges., 35, 443i (1902). 

* Zeit. Kolloidchemie, 5, 33 (1909). 

* Jour. Am. Chem. Soc., 39 , 71 (1917). 

‘ Goodwin and Grover: Phys. Rev., 11, 193 (1900). 

® Bjerrum: Zeit. phys. Chem., 59, 343 (1907). 

‘ Ber. deutsch. chem. Ges., 47 , 2211 (1914). 
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oxide by reduction of a solution of ammonium chromate with 
colloidal platinum in the presence of the sodium salt of pro- 
talbinic acid which acts as a protecting colloid. The prepa- 
ration contained colloidal hydrous oxide, colloidal platinum 
unchanged ammonium chromate and sodium protalbinate. 
It was purified to some extent by dialysis. 

Experimental 

Since the properties of precipitated hydrous chromic 
oxide vary with the method of preparation, it seemed alto- 
gether likely that colloidal hydrous oxides prepared in different 
ways would show wide variation in properties. This proved 
to be the case as shown by the following experiments. 

Preparation of Colloids. — A colloid was prepared by adding 
NH 4 OH to 400 cc of green chromic chloride solution (contain- 
ing 80 g per liter) until the precipitate first formed just failed 
to dissolve on standing over night. The solution was fil- 
tered, diluted to 1200 cc and equal portions placed in two-liter 
pyrex beakers. One portion was dialyzed continuously for 
15 days by the method of Neidle and Barab.‘ Approximately 
10 hours each day the solution was kept boiling vigorously. 
The second portion was dialyzed continously in the cold for 
24 days. The colloid prepared by hot dialysis could be kept 
only in pyrex vessels since ordinary glass is sufficiently soluble 
to cause it to gel within a few days. 

Color and Solubility of Precipitated Colloids. — A quantity 
of colloid containing 0. 15 g CrjOs was precipitated in a short 
thick-walled test tube by the addition of a few drops of 0.1 
N Na 2 S 04 . After contrifuging for 5 minutes at 3000 r. p. m., 
the supernatant liquid was poured off and the precipitate 
shaken up with 25 cc of acid or alkali. In addition to the two 
dialyzed solutions mentioned in the preceding paragraph, a 
third colloid was prepared by adding NH 4 OH to a chromic 
chloride solution just short of precipitation. All the chro- 
mium was precipitated from the solution by Na 2 S 04 as in the 
case of the dialyzed colloids. The color of the precipitated 

* Jour. Am. Chem. Soc., 39, 71 (1917). 
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oxides and their behavior in the presence of acids and alkalis 
are given in Table III. 


Tabi,e III 

Properties of Precipitated Colloids 


Nature of colloid 

Action of precipitated oxide with 25 cc of 

1 

Color of precipitate 

N H8S04 

N/5 HCl 

N NaOH 

Freshly pre- 
pared 

Dissolves 

rapidly 

Soluble 

Peptized 
at once 

gray blue 

Dialyzed in 
cold 

Dissolves 

very 

slowly 

Soluble 

Peptized 

green blue 

Dialyzed at 
boiling 
point 

Insoluble 

Soluble 

Not pep- 
tized 

dark green 


From the results shown in Table III it is clear that hy- 
drous chromic oxides of widely varying properties may be 
obtained in the colloidal state by suitable variations in the 
conditions of preparation. Just as with hydrous ferric and 
aluminic oxides, there is a pronounced difference between the 
colloids prepared at room temperature and at the boiling point. 

Precipitation Values of Electrolytes . — The colloids pre- 
pared by peptization of hydrous chromic oxide with CrClg or 
by hydrolysis of chromic salts, are positively charged and so 
move to the cathode under electrical stress.’ Biltz® showed 
that colloidal chromic oxide was precipitated by negative 
colloids but he did not investigate the precipitating power of 
different anions. I have determined the precipitation values 
of the potassium salts of several common anions for a well- 
dialyzed colloid containing 3.65 g Cr 20 ., per liter. This was 
so instable that it was necessary to carry out all experiments 
in vessels of pyrex glass. The procedure was as follows: 
In a 25 cc thick-walled tfest tube was placed 10 cc of colloid; 
and in a second tube, a suitable amount of electrolyte diluted 
to 10 cc. The solutions were mixed by pouring from one tube 

1 Picton and Linder: Jour. Chem. vSoc., 71, 572 (1897). 

* Biltz: Ber. deut<;ch, chem. Ges., 35, 4431 (1902); 37, 1095 (1904). 
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to the other with intermediate shaking; after which the mix- 
ture was transferred to one tube that was corked and set aside 
for exactly one hour. To determine whether precipitation 
was complete, the contents of the tube was shaken and cen- 
trifuged for 1 minute at 3000 r. p. m. By this procedure it 
was possible to determine the precipitation values of the salts 
with multivalent anions to within 0.02 cc of N/lOO solution in 
20 cc and of the salts with univalent anions to within 0.05 
cc of N/10 solution in 20 cc. The electrolytes were measured 
with a 2 cc Ostwald pipette. In Table IV are given the pre- 
cipitation values of a number of salts both in milliequivalents 
per liter and in millimoles per liter. In the last column of the 
table is given the nature of the precipitate formed by each 
electrolyte after standing quietly for an hour. 


Table IV 

Precipitation Values of Salts 


Salt 

Precipitation value 

Nature of 
precipitate 

Milliequivalents 
per liter 

Millimoles 
per liter 

Potassium fei ricyaiiide 

0.485 

0.102 

Firm jelly 

Potassium chromate 

0.525 

0.203 

Firm jellv 

Potassium dichromate 

0.535 

0.268 

Firm jelly 

Potassium sulphate 

0.550 

0.275 

Firm jelly 

Potassium iodate 

0.035 

0.635 

Firm jelly 

Potassium oxalate 

0.(i00 

0.330 

Firm jelly 

Potassium bromate 

19.0 

19.0 

Jelly 

Potassium chloride 

,30.0 

30.0 

Jelly 

Potassium bromide 

33.0 

33.0 

Jelly 

Potassium chlorate 

33.8 

33.8 

Jelly 

Potassium iodide 

37.5 

37 . 5 

Jelly 


From the precipitation values of the electrolytes expressed 
in milliequivalents per liter, we can arrange the anions in the 
order of their precipitating power beginning with the greatest, 
thus: ferricyanide> chromate, dichromate > sulphate > 
iodate> oxalate > bromate> chloride > bromide, chlorate > 
iodide. If the precipitation values are expressed in milli- 
moles per liter the only change in the order is that iodate fol- 
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lows instead of precedes oxalate. As has been noted before* 
iodate behaves like a multivalent ion in having a very high pre- 
cipitating power. It is not known why this should be since 
the evidence seems to show that in dilute solution iodic acid 
behaves like a monobasic acid.’* It is particularly interesting 
that the conditions at the precipitation concentration are 
favorable for the formation of a jelly. This point will be con- 
sidered in a later section. The jellies can be broken up by 
shaking, yielding a gelatinous precipitate that is readily thrown 
down with the centrifuge. 

B. The Neg^atively Chained Colloid 

If an excess of alkali hydroxide is added in the cold to a 
chromic salt solution, the precipitate formed is peptized com- 
pletely with the formation of a clear green colloidal solution. 
In this respect hydrous chromic oxide differs from hydrous 
aluminum oxide which dissolves in alkali hydroxides with the 
formation of aluminate. As evidence that the solution of 
hydrous chromic oxide in excess alkali is due to peptization 
and not to the formation of chromite, Fischer and Herz® call 
attention to the spontaneous precipitation of the hydroxide 
and point out “that the solution in alkali (particularly in 
Ba(OH)2) can be precipitated by electrolytes, that the con- 
ductivity of the solution is not changed after precipitation of 
chromic hydroxide by warming; and that a solution prepared 
from chromic chloride with NaOH is not dialyzable against 
pure water. From similar work Kremann® concluded that 
alkali chromite was formed since the chromium moved to the 
anode under electrical stress and dialyzed through a membrane 
if the latter was surrounded by alkali. Fischer* pointed out 
that Kremann’s evidence was inconclusive since clu-omium in 
a negative colloidal oxide will move to the anode under elec- 

^ Weiser and Middleton: Jour. Phys. Chem., 24, 51 (1920). 

* Miolati and Mascetti. Gazz. ehim. ital., 31, I, 93 (1901); Atli Accad. 
Lincei.(6) 14, 1, 217 (1905). 

« Zeit. anorg. Chem., 31, 352 (1902) ; Herz : 28, 344 (1901) ; 32, 454 (1902). 

^ Fischer: Zeit. anorg. Chem., 40, 39 (1904). 

» Ibid., 33, 87 (1903). 
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trical stress. He pointed out further, that Kremann started 
with chrome alum and that the diffusion of chromium through 
his dialyzing membrane was due to a chrome-sulphuric acid. 
Attention was called by Bancroft’ to the fact that there must 
be some change in conductivity when hydrous chromic oxide 
is precipitated from colloidal solution since the precipitate is 
known to adsorb salts and alkali; but that this relatively 
slight change was not detected on account of the high initial 
conductivity. Bancroft showed however, that Fischer and 
Herz were right in their conclusion that the hydrous oxide is 
peptized by alkali since all the oxide can be filtered from solu- 
tion with an ultrafilter. 

Further evidence of the colloidal nature of an alkaline 
solution of hydrous chromic oxide is given by its action with 
other hydrous oxides. Thus Northcote and Church- ob- 
served that certain amounts of oxides that are insoluble in 
caustic potash alone, are soluble in the presence of hydrous 
chromic oxide. “It was found that complete solution takes 
place when the chromium as sesquioxide is associated with 40 
percent of iron as sesquioxide; with 12.5 percent of manganese, 
20 percent of cobalt or 25 percent of nickel as protoxides; 
and that complete precipitation takes place when the chromium 
as sesquioxide is associated with 80 percent of iron as sesquiox- 
ide, GO percent of manganese, 50 percent of cobalt or 50 percent 
of nickel as protoxide. When cobalt and nickel however are 
thus rendered soluble the result is not permanent and ultimately 
not only does the oxide of cobalt or nickel become insoluble 
but it carries down with it some of the oxide of chromium. 
The other metallic oxides soluble in caustic potash were not 
found to be influenced in their relations with caustic potash 
by the presence of sesquioxide of iron or to exert any influence 
upon that oxide.” 

Similarly, Prud’homme* found that hydrous cupric oxide 
and hydrous ferric oxide dissolve in the green alkali solution 

> Chem. News, 113 , 113 (1916). 

* Jour. Chem. Soc., 6, 54 (1854). 

* Bull. Soc. chim. Paris, (2) 17, 263 (1872). 
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of hydrous chromic oxide. From the alkali solution of chro- 
mium and cupric oxides a precipitate of red cuprous oxide is 
formed by standing or by heating and sodium chromate ap- 
pears in the solution. Kreps^ showed further that mixtures 
of chromium salts with salts of barium calcium or magnesium 
in suitable proportions give no precipitate in the presence 
of alkali. 

The observations of Northcote and Church, Kreps and 
Prud’homme are readily explained in view of the colloidal 
nature of the alkaline solution of hydrous chromic oxide. 
Nagel* working in Bancroft’s laboratory showed that hydrous 
chromic oxide is peptized by alkali and that the peptized 
oxide adsorbs to a limited degree and so carries into colloidal 
solution the hydrous oxides of iron, manganese, cobalt, nickel 
copper and magnesium. The latter oxides likewise adsorb 
chromic oxide and so tend to take it out of colloidal solution 
in alkali. Accordingly if they are present in sufficient amount 
they will decolorize practically completely the green colloidal 
solution of chromic oxide. As previously noted the behavior 
of ferric acetate in the presence of violet chromic acetate can 
not be accounted for in this way. 

Although the evidence given in the preceding paragraphs 
all seems to indicate that hydrous chromic oxide is peptized 
completely by alkali, recent investigations by Wood and 
Black* led them to conclude that alkali chromite is formed. 
These investigators precipitated chromic oxide at 100° with 
ammonia and treated the thoroughly washed precipitate with 
NaOH solutions varying in concentration from 0.2 N to 2.0 N. 
They found that the action was very slight but after two months 
appreciable quantities of chromate were formed. It is claimed 
that chromite is the intermediate product and hence that 
chroxnic hydroxide possesses a certain degree of acidic character. 
“In the opinion of the authors, therefore, it seems to be undoubt- 
edly established that chromites do exist in an alkal i np solution 

1 Thesis : Berlin ( 1893) . 

* Jour. Phys. Chem., 19 , 331 (1914). 

• Jour. Chem. Soc., 109 , 164 (1916). 
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of chromic hydroxide; when the solution is freshly prepared 
and is kept a little time, part of the dissolved hydroxide 
separates out in a less soluble form and probably does during 
this period of transition, exist for a time in the colloidal con- 
dition, but when all such precipitation has taken place, a small 
amount of chromite will still be present in the solution.” 
Although some chromate may be formed after a time when hy- 
drous chromic oxide and sodium hydroxide are brought together 
in the presence of air, this by no means justifies the conclusion 
that the original solution in alkali is all chromite which grad- 
ually decomposes. In this connection it should be pointed out, 
however, that the spontaneous precipitation of hydrous 
chromic oxide from the green solution in alkali is not prima 
facie evidence that a colloidal solution is formed, since a solu- 
tion of alkali aluminate prepared in the same manner as col- 
loidal chromic oxide decomposes on standing and precipitates 
hydrous alumina. Moreover, the contention is not justified 
that the aging of hydrous chromic oxide in the alkali solution 
is unexplainable under the assumption that alkali chromite 
is formed;* since the hydrous oxide that precipitates spontane- 
ously from alkali aluminate is aged in the sense that it is 
quite insoluble and much less hydrous than the oxide freshly 
precipitated from an aluminum salt. 

Experimental 

The Peptization of Hydrous Chromic Oxide by Different 
Alkalis. — Fischer and Herz determined the relative peptizing 
power of sodium and potassium hydroxide by adding chromic 
chloride solution drop by drop to the solution of alkali until a 
permanent precipitate just formed. By this procedure it was 
found that the peptizing action of KOH was greater than that 
of NaOH. No experiments were made with Ba(OH)2 but the 
authors speak of the colloid formed by peptization with this 
hydroxide. 

The method of procedure followed by Fischer and Herz 
in determining the peptizing action of alkalis is not entirely 

' Abegg’s Handbuch der anorganischen Chemie, (1) IV, 118 (1920). 
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satisfactory on account of the rapidity with which hydrous 
chromic oxide ages. It would seem to be more satisfactory 
to determine the amount of alkali which will just cause com- 
plete peptization of the hydrous oxide when added all at once 
to a definite amount of chromic salt. Accordingly the fol- 
lowing method of procedure was followed: The rapid mixing 
of the solutions was accomplished by means of the mixing 
apparatus frequently employed in this laboratory.' In the 
inner compartment of this apparatus was placed 5 cc of a 
chromic chloride solution containing 40 g CrjOs per liter; 
and in the outer compartment varying amounts of 0.6 N 
alkali together with enough water to make 20 cc. By invert- 
ing and shaking the vessel vigorously, a rapid mixing was 
obtained. The contents of the mixture was transferred to a 
large test tube and examined for complete peptization of the 


Table V 

Peptization of Hydrous Chromic Oxide by Alkalis 



Solutions mixed 
(total volume 25 cc) 

Observation 

Nat'Ui'e of 


Alkali 
0.6 N 

CrCl3 

H 2 O 

precipitate 

NaOH 

10.0 

5.0 

10.0 

Peptization in- 
complete 

Gelatinous 

NaOH 

11.5 

5.0 

8.5 

Peptization in- 
complete 

Firm jelly 

.NaOH 

11.75 

5.0 

8.25 

Peptization 
almost complete 

Firm jelly 

NaOH 

12.0 

1 

5.0 

8.0 

Peptization 

complete 

Firm jelly 

KOH 

10.0 

5.0 

10.0 

Peptization in- 
complete 

Firm jelly 

KOH 

10.75 

5.0 

9.25 

Peptization 
almost complete 

Firm jelly 

KOH 

11.0 

6.0 

9.0 

Peptization 

complete 

Firm jelly 

Ba(OH)j 

20.0 

5.0 

0.0 

No peptization 

Gelatinous 

Ba(OH )2 

24.0 

1.0 

0.0 

No peptization 

Gelatinous 


1 Weiser and Middleton: Jour. Phys. Chem.. 24, 48 (1920). 
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hydrous oxide. This determination can be made with a high 
degree of accuracy by comparison with a tube containing the 
same amount of CrjOa peptized with a large excess of alkali. 
After making a number of preliminary trials to determine the 
approximate amount of alkali required, the experiments re- 
corded in Table V were carried out. 

From the results given in Table V it is evident that the 
peptizing action of KOH is slightly greater than that of NaOH 
as observed by Fischer and Herz. On the other hand, hydrous 
chromic oxide is not peptized at all even by a saturated solu- 
tion of Ba(OH) 2 , at least in the presence of BaCU. If an 
amount of alkali just short of complete peptization is employed, 
a firm green jelly is formed within an hour. With somewhat 
higher concentrations of alkali the jellies are formed more 
slowly. 

Peptization experiments were next carried out on the 
hydrous oxide precipitated from chloride solution -with ammo- 
nia and washed: Five cubic centimeter portions of chromic 
chloride were diluted to 20 cc in a 50 cc thick-walled test tube 
and precipitated in the cold with ammonia. Each mixture 
was centrifuged 3 minutes at 3000 r. p. m. after which the 
supernatant liquid was poured from the precipitate matted 
in the bottom of the tube. The oxide was washed by shaking 
thoroughly with 25 cc of water. After centrifuging again 
for three minutes the wash water was poured off and the pre- 
cipitate treated with 20 cc of 0.6 N alkali. Some peptization 
was observed with both NaOH and KOH but it was far from 
complete although the quantity of alkali used was in excess 
of that necessary to peptize the newly formed oxide com- 
pletely (see Table V). Since the time required for washing 
the precipitates was not more than 10 minutes, this experiment 
illustrates again the rapidity with which hydrous chromic 
oxide “ages.” As might be expected from the previous ex- 
periments, no peptization whatsoever resulted with saturated 
Ba(OH) 2 . 

The Effect of the Concentration of Alkali on its Peptizing 
Power. — Fischer and Herz record a series of experiments which 
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is offered as proof that the peptizing power of NaOH and KOH 
depends on the absolute amount present and not on the con- 
centration. This conclusion did not seem reasonable and so 
I have carried out some experiments to determine its accuracy. 
The procedure followed was identical with that outlined in 
the preceding section except that enough water was added to 
make up the total volume of solutions mixed to 50 cc instead 
of 25 cc as previously. The results are given in Table VI. 

Table VI 


Peptization of Hydrous Chromic Oxide by Alkalis (2) 


Alkali 

Solutions mixed 
(total volume 50 cc) 

Observation 

Nature of 

Alkali 
0.6N j 

CrCla 

HaO 

precipitate 

NaOH 

13.5 

5 

31.5 

Peptization almost 
complete 

Soft jelly 

NaOH 

13.75 

5 

31.25 

Peptization complete 

Soft jelly 

NaOH 

14.0 

5 

31.0 

Peptization complete 

vSoft jelly 

KOH 

11.5 

5 

33.5 

Peptization incomplete 

vSoft jelly 

KOH 

12.0 

5 

33.0 

Peptization almost 
complete 

Soft jelly 

KOH 

12.25 

5 

32.75 

Peptization complete 

Soft jelly 

KOH 

12.50 

5 

32.50 

Peptization complete 

Soft jelly 


By comparing the results recorded in Table VI with those 
in Table V, it will be noted that the concentration of alkali 
necessary for complete peptization of a given amount of hy- 
drous oxide is greater the greater the dilution. For example, 
12 cc of 0.6 N NaOH causes complete peptization of approxi- 
mately 0.2 g CraO.-) in a total volume of 25 cc; while 13.75 cc 
of 0.6 N alkali is required to peptize the same amount of oxide 
in a total volume of 50 cc. This is exactly what one should 
expect. 

Precipitation Values of Electrolytes . — If hydrous chromic 
oxide is in colloidal solution in alkali, it should be possible to 
coagulate it by the addition of salts. This was suggested by 
Fischer and Herz^ but their observations along this line are 


^ Zeit. a&org. Chism., 31, 352 (1902). 
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not very enlightening. They point out that KCl and NaCl 
must have comparatively little precipitating action otherwise 
no colloid would be formed by adding alkali to chromic chlor- 
ide. They could not use salts of other metals since most of 
them are precipitated by OH' ion. Speaking of the colloids 
prepared with NaOH and KOH they say; “A particularly 
strong effect on the precipitation could not be demonstrated. 
On the other hand, the precipitation by alkali salts of an analo- 
gous chromic hydroxide solution in barium hydroxide can be 
readily observed.” ‘ Fischer and Herz give no experimental 
data; and in view of the fact that hydrous chromic oxide is 
not peptized by alkali, the last sentence above quoted has 
little meaning. 

Some preliminary experiments showed that the colloidal 
oxide was readily precipitated by salts ; and that the precipi- 
tation values could be determined providing a definite method 
of procedure was followed. The colloid used in the experi- 
ments was prepared by mixing 5 cc of the chromic chloride 
solution used in earlier experiments with 15.0 cc of ().() N 
KOH and 30 cc of water. Since alkali was in considerable 
excess, the colloid did not start to precipitate for some time 
unless treated with salts. Ten cubic centimeters of the colloid 
so prepared was mixed with a definite amount of electrolyte 
diluted to 10 cc. The precipitation value was taken as that 
concentration of electrolyte which will just cause complete 

Table VII 


Precipitation Values of Salts 


Salt 

Precipitation value 
(milliequivalents per liter) 

Nature of 
precipitate 

Barium chloride 

5.15 

Gelatinous 

Potassium chloride 

.5(K).() 

Gelatinous 

Sodium chloride 

210.0 

Gelatinous 

Lithium chloride 

51.0 

Gelatinous 

Sodium sulphate 

315.0 

Gelatinous 

Sodium acetate 

220.0 

Gelatinous 


' Zeit. anorg. Chera., 31 , 355 (1002). 
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coagulation in 10 minutes. After determining the approximate 
precipitation values the exact values were found for each 
electrol)^e with a freshly prepared colloid. The values for a 
number of salts are given in Table VII. 

From the results shown in Table VII we find that the 
precipitating power of the cations follows the usual order: 
barivun > lithium > sodium > potassium; and that the 
stabilizing action of the anions is: sulphate > chloride, 
acetate. 

The Formation of Chromate . — Reference has been made to 
Wood and Black’s observation that the prolonged action 
of KOH on precipitated chromic oxide in the presence of air, 
yields chromate. These experiments were repeated with dif- 
ferent concentrations of alkali and their results confirmed. 
Since alkalis attack the precipitated oxide, it seemed likely 
that the effect would be more marked when the oxide was in 
the colloidal state. To determine whether such was the case 
an excess of KOH was added to a CrClj solution and the mix- 
ture set aside for 2 months. Most of the colloid had precipi- 
tated in this time leaving a greenish yellow supernatant 
liquid. The yellow color was due to chromate which was 
present in considerable amount as proven by acidifying a 
portion of the solution and adding a dilute solution of potas- 
sium iodide and starch. The results of these experiments 
show that hydrous chromic oxide possesses a slight acidic 
character that may be detected by its prolonged action with 
alkali and air under suitable conditions. This does not mean 
that the solution of hydrous chromic oxide in alkali is all 
chromite as Wood and Black imply. On the contrary, it 
is extremely doubtful whether any chromite at all is formed 
in a reasonable time in the presence of slightly more than 
enough alkali to cause complete solution. The following 
experiment bears on this point: A colloidal solution was pre- 
pared by adding 20 cc of 0.6 N KOH to 30 cc of a chromic 
chloride solution that yielded 0.2 g CroO.^. Through this 
solution was passed a rapid current of air for 30 minutes, 
after which it was tested for chromate as previously described. 
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The failure to get any test for chromate indicates the absence 
of chromite in the alkali solution. This is not proven abso- 
lutely by the experiment since it is possible although not 
probable that the oxidation of chromite in a current of air is 
too slow to give any chromate in 30 minutes; however, the 
results are in line with the other experiments, all of which 
show that hydrous chromic oxide is peptized by alkali and 
that ho appreciable amount of chromite is formed wSthin a 
reasonable time. 


Chromic Oxide Jellies 

Attention has been called to Reinitzer’s observation that 
a solution of chromic salt boiled with sodium acetate and 
rendered alkaline with caustic alkalis or ammonia, sets to a 
jelly. Bunce and Finch' confirmed this observation and 
showed further that a jelly was formed by adding excess NaOH 
or KOH to chrome alum and allowing the solution to stand. 
They were unable to obtain a jelly from chromic sulphate, 
nitrate or chloride; but Nagel® showed that a jelly could be 
formed with sulphate if the alkali concentration was not too 
great. From these observations it was logical to conclude that 
acetate or sulphate ions are necessary for the formation of a 
chromic oxide jelly.® As I have shown in a preceding section, 
such is not the case since jellies were obtained by adding a 
suitable concentration of alkali to chromic chloride. The 
results recorded in Tables V and VI show that good firm 
jellies were obtained containing approximately 1 mole Cr^Os 
and 1000 moles of H 2 O; and soft jellies containing 1 mole 
CraOs and 2000 moles of H 2 O. No jellies were formed when 
too little or too much alkali was used. 

From the results of experiments on the formation of 
chromic oxide jellies, we get a pretty clear idea of the factors 
that influence the formation of jellies in general: A jelly 
would be expected to form if a suitable amount of a highly hy- 

• Jour. Phys. Chem., 17, 269 (1913). 

> Ibid., 19, 331 (1914). 

• Bancroft: “Applied Colloid Chemistry,” 244 (1921). 
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drous substance is gotten into colloidal solution and allowed 
to precipitate at a suitable rate. If the concentration of the 
hydrous substance is too low, no jelly or only a very soft jelly 
can result. If the precipitation from colloidal solution is too 
rapid, contraction is likely to occur with the formation of 
a gelatinous precipitate; if too slow, the particles are likely to 
grow and settle out in a granular or sandy mass. The effect 
of the presence of salts on jelly formation' is determined by the 
agglomerating and stabilizing action of ions, in so far as these 
affect the rate of precipitation. As previously stated, the 
results of the experiments with chromic oxide bear out these 
general conclusions; The rapid addition of a slight excess of 
alkali to a chromic chloride solution produces a negative 
colloidal oxide that is instable and precipitates slowly forming 
a jelly (Tables V and VI). If this precipitation is hastened by 
heating or by the addition of a suitable amount of electrolyte, 
the precipitate forms so rapidly that it is gelatinous and not a 
jelly (Table VII). Since the colloid is negatively charged, 
it will require the addition of more Na2S04, say, than of NaCl 
to get a gelatinous precipitate on account of the stabilizing 
action of SO4 ion (Table VII). Finally, if the hydrous oxide 
has been peptized by too great a concentration of alkali the 
precipitate comes down very slowly and is almost granular in 
character. 

The results of the experiments on the formation of jellies 
from negative colloidal hydrous chromic oxide suggested that 
the positive colloid could be precipitated under conditions 
favorable for the formation of a jelly. This proved to be 
unexpectedly easy to do. All that was necessary was to add 
just enough electrolyte to cause complete coagulation in an 
hour or two. It was found that if too little electrolyte were 
used, precipitation was incomplete and the results were un- 
satisfactory; while if too great an excess was added the 
precipitation was so rapid that a gelatinous precipitate was 

* Holmes and Arnold: Jour. Am. Chem. Soc., 40, 1014 (1918); Holmes 
and Fall; Ibid., 41 , 763 (1919). 
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formed. Under the conditions given in Table IV, good jellies 
were obtained in every case ; but those formed with multivalent 
precipitating ions were the firmer. The following observations 
give some idea of the nature and stability of the jellies formed 
by precipitation of the colloid with multivalent precipitating 
ions ; Twenty cubic centimeters of a jelly was prepared con- 
taining approximately 1 mole Cr 203 , 0.002 mole K 2 Cr 04 and 
4700 moles of H 2 O. This jelly stood in a test tube for a week 
without undergoing noticeable syneresis; and was not broken 
down by centrifuging for 1 minute at 3000 r. p. m. On shak- 
ing, the jelly was destroyed' giving a gelatinous precipitate that 
was thrown down by the centrifuge. A soft jelly was prepared 
containing 1 mole Cr 203 0.001 mole K 2 Cr 04 and 9400 moles of 
H 2 O. It seems to me that firm jellies containing so much 
water without any supernatant liquid must be of the honey- 
comb rather than the sponge structme. 

Summary 

The results of this paper may be summarized briefly as 
follows : 

(1) No definite hydrates of chromic oxide are formed by 
precipitation of a chromic salt with alkali. The numerous 
so-called hydrates described by earlier investigators were hy- 
drous oxides dried under such conditions that the composition 
happened to approach that of a definite hydrate. The evidence 
that the specially prepared pigment, Guignet’s green, is a 
definite hydrate is altogether inconclusive. 

(2) Hydrous chromic oxide freshly precipitated in the 
cold is readily soluble in acids and readily peptized by alkalis ; 
but it “ages” on standing or heating, becoming quite insoluble. 
The soluble and insoluble hydrous oxides are not definite 
isomers or allotropic modifications. Between the two extremes 
of solubility it is possible to prepare an indefinite number of hy- 
drous oxides each differing slightly from the others in water 
content, in size of particles, in structure of the mass and 
•consequently, in reactivity with acids and alkalis. 

‘ Cf. Bunce and Pinch: Loc. dt. 
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(3) When precipitated hydrous chromic oxide is heated 
rapidly to 500°, it evolves enough heat to raise its temperature 
to incandescence. The loss of heat does not accompany the 
change from one isomeric form to another but it is due to a 
sudden decrease in the very large surface of the oxide formed 
by precipitation. 

(4) By precipitating hydrous chromic oxides at temper- 
atures varying between 0° and 225°, substances have been pre- 
pared that vary in color from gray blue to bright green. The 
evidence indicates that the different colors are due not to 
different isomers but to a difference in the size of particles, 
the structure of the mass and the amount of water enclosed 
under the different conditions of formation. Very slow pre- 
cipitation at low temperature gives an oxide with properties 
similar to that precipitated rapidly at higher temperature. 

(5) Positively charged colloidal hydrous chromic oxide 
may be prepared by peptization of the hydrous oxide with 
chromic chloride and by hydrolysis of the chloride or nitrate 
but not of the acetate. Hydrous chromic oxides that vary 
widely in color and in their reactivity with acids and alkalis 
have been obtained in the colloidal state by suitable variation in 
the conditions of formation. 

(6) The precipitating action of the potassium salts of 
several of the common anions on the positive colloid has been 
determined. The order of anions beginning with the one of 
greatest precipitating power is: ferricyanide > chromate, 
dichromate > sulphate > iodate > oxalate > bromate > 
chloride > bromide, chlorate > iodide. 

(7) Negatively charged colloidal hydrous chromic oxide 
is prepared by peptization of the hydrous oxide with sodium 
hydroxide or potassium hydroxide. The peptizing power of 
potassium hydroxide is slightly greater than that of sodium 
hydroxide. Contrary to the observations of Fischer and Herz 
it was found (a) that the peptizing power depends on the 
concentration of alkali and not on the absolute amount present 
and (5) that hydrous chromic oxide is not peptized by barium 
hydroxide. 
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(8) Like the positive colloid the negative colloid is read- 
ily precipitated by electrolytes. From the precipitation 
values of a number of salts, we find the precipitating power of 
cations follows the usual order ; barium > lithium > sodium > 
potassium ; and the stabilizing action of anions is : sulphate > 
chloride acetate. 

(9) Hydrous chromic oxide peptized by alkali adsorbs to 
a limited degree and so carries into colloidal solution the hy- 
drous oxides of iron, manganese, cobalt, nickel, copper and mag- 
nesium which are not peptized by alkali alone. A precipi- 
tate of hydrous ferric oxide is not formed when ferric acetate 
is boiled in the presence of an excess of violet chromic acetate. 
This is probably due to the formation of a complex chromium 
iron acetate and not to the adsorption of hydrous ferric oxide 
by colloidal liydrous chromic oxide. 

(10) Hydrous chromic oxide possesses a slight acidic charac- 
ter as evidenced by the formation of a small amount of chro- 
mate by the prolonged action of alkali on the precipitated or 
colloidal oxide in the presence of air. This property is so 
slight however, that it is extremely doubtful whether any 
chromite at all is formed within a reasonable time in the pres- 
ence of slightly' more than enough alkali to cause complete 
peptization. 

(11) Chromic oxide jellies are formed by precipitation of 
either the positive or negative colloid under suitable condi- 
tions. The presence of sulphate or acetate ion is not essential. 

(12) Factors that influence the formation of jellies in 
general, are; A jelly may be expected to form if a suitable 
amount of a highly hydrous substance is gotten into colloidal 
solution and allowed to precipitate at a suitable rate without 
stirring. If the concentration of the hydrous substance is 
too low, no jelly or only a A'^ery soft jelly can result. If the 
precipitation from colloidal solution is too rapid, contraction 
is likely to occur with the formation of a gelatinous precipi- 
tate instead of a jelly; if too slow, the particles are likely to 
grow and settle out in a granular or sandy mass. The effect 
of the presence of salts on jelly formation is determined by the 
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agglomerating and stabilizing action of ions, in so far as these 
affect the rate of precipitation. The results of the experiments 
on the formation of chromic oxide jellies are in accord with 
these general conclusions. 

Department of Chemistry 
The Rice Institute 
Houston, Texas 



THE OXIDATION OF OXALIC ACID IN THE ABSENCE 
OF OTHER ACIDS 

BY j. c. wirr 

In connection with some work on the various direct and 
indirect methods for the determination of calcium in cement 
raw mixtures,' occasion arose to study in some detail the pre- 
cipitation of calcium as the oxalate, and the titration of oxalic 
acid and its salts with potassium permanganate. Some 
phases of the work were suggested by a previous study of 
oxidation-reduction reaction without the addition of acid.® 
In determining calcium by the permanganate titration method, 
the calcium is precipitated from an ammoniacal solution by 
adding an excess of ammonium oxalate. The calcium oxalate 
is collected, dissolved in an excess of dilute sulphuric acid, and 
the oxalic acid thus liberated titrated with standard perman- 
ganate solution.'’ Another procedure is to precipitate calcium 
with a standard oxalate solution, and after filtering out the 
calcium oxalate, acidify the filtrate with sulphuric acid and ti- 
trate the oxalic acid present.'* In either case, the reaction is 
represented by the equation: 

2 KMn ()4 -f fiHaCoCL + ; 1 H 2 S 04 — > 

K 2 VSO 4 + 2 MnvS 04 + 8 H 2 O + IOCO 2 . It is gener- 
ally believed that this reaction can only take place in the pres- 
ence of a strong acid. Hydrochloric acid is avoided because of 
its action on permanganate and nitric acid should not be pres- 
ent because it is an active oxidizing agent. Consequently 
sulphuric acid has come into general use. 

Oxidation of Oxalic Acid by Potassium Permanganate in 
the Presence of Acetic A c/c/.— -Acetic acid may be substituted for 
sulphuric acid in the reaction. As a preliminary qualitative 
test, some ammonium oxalate solution was acidified with acetic 

' Philippine Jour. >Sci., 15, 107 (1919). 

* Jour. Am. Chem. Soc.. 37, 2300 (1915); 38, 47 (1910); 40, 1027 (1918). 

’ Mohr: “Titrirmethode.” p 239. 

* Kraut: Chem. Centr., 1, 310 (1850). 
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acid and the mixture was warmed to about 80° C. A small 
amount of potassium permanganate was then added and the 
mixture was stirred vigorously for some seconds. No change 
in color was observed, and the result was recorded as nega- 
tive. The beaker was set aside. Some hours later when the 
beaker was about to be emptied and washed, it was noted that 
the permanganate color had completely disappeared. Quan- 
titative measurements revealed that satisfactory titration can 
be made, and that the stoichiometric relations are the same as 
when sulphuric acid is present. However, the procedure, and 
the color of the solution when the end-point is reached are 
somewhat different. 

It is a common experience that in the presence of sulphuric 
acid the color of the first portion of permanganate fades .slowly 
and considerable stiring is necessary. After this, the reaction 
is practically instantaneous, and the titration proceeds as rap- 
idly as the permanganate is added. The temperature of the 
solution being titrated constantly decreases by radiation, and 
because a cooler liquid is being mixed with it. 

When the titration is made in the presence of acetic acid, the 
temperature must not be allowed to fall— otherwise the ve- 
locity of the reaction decreases to such an extent that it is 
impossible to finish the titration in a reasonable time, if at all. 
The longer the end of the titration is delayed, the greater is 
the decrease in temperature (as the titration is ordinarily 
carried out) and of course this causes a still greater loss of 
time, and so on. It is therefore necessary to keep the mixture 
heated almost to the boiling point during the entire titration. 
This was done at first by placing the beaker, containing the 
solution being titrated, on the hot plate several times for 
reheating. This was not completely satisfactory. Later an 
electric hot plate about six inches in diameter was placed on 
the base of the burette stand. The contents of a beaker were 
first heated to boiling on a gas hot plate and then transferred 
one by one to the electric hot plate and the titrations made 
while the liquid continued to boil. When not actually in use, 
the burette was raised several inches, and the current turned 
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off so that there was no error due to expansion of the solution 
in the bxu'ette. There was no appreciable error from volatili- 
zation of oxalic acid. Under these conditions, the titration 
was almost as rapid as in the presence of sulphuric acid. The 
electric hot plate was used in the same manner in all the ti- 
trations subsequently discussed in this paper. 

There is a difference in the end-point, however. The 
permanganate color does not fade directly to colorless but 
there is an intermediate brown color. As the titration pro- 
ceeds, this becomes more and more apparent, and longer time 
and more vigorous stirring is necessary to dissipate it. The 
end-point is sharp but the color at this stage is not the character- 
istic pink. It is rather a rose color caused by a blending of 
the pink of the excess permanganate and the brown of a col- 
loidal solution of manganese compounds. 

Oxidation in the Absence of Other Acids . — Neutral ammo- 
nium oxalate is not oxidized by potassium permanganate, at 
least under ordinary conditions of concentration, temperature, 
and the like. However, the fact that the necessary hydrogen 
ion concentration could be supplied by a weak acid such as 
acetic suggested that it should be possible to titrate oxalic 
acid alone with permanganate, the necessary hydrogen ion 
concentration being supplied by the oxalic acid itself. It has 
been shown that oxalic acid alone, may be completely oxidized 
to water and carbon dioxide by permanganate;’ and Neidle 
and Crombie* found that ferrous salts may be completely oxi- 
dized by permanganate, without the additions of acid, though 
the reaction is not suitable for a method of titration because 
the end-point is masked by colloidal substances. 

Preliminary tests showed that in starting to titrate oxalic 
acid alone with permanganate, the behavior is identical with 
that observed in the presence of sulphuric acid. The color 
caused by the first addition is slow to fade, but after this the 
color produced by additional permanganate disappears rapidly. 

‘ Moranski and Stingl: Jour, prakt. Chem., 18, 83 (1878). 

® Jour. Am. Chem. Soc., 38, 2607 (1916). 
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However, considerably before the equivalent amount has 
been added, the solution becomes turbid, and then becomes 
clear on stirring. As the titration proceeds the turbidity ap- 
pears with smaller additions of permanganate, and more stir- 
ring is necessary to dispel it. Finally a point is reached at 
which the solution does not become clear on continued stirring. 
It remains turbid when boiled for 20-30 seconds. At the end 
of this time the colloid coagulates and a slight permanent 
precipitate is formed. A further addition of permanganate 
immediately produces a dense chocolate-colored precipitate. 
The formation of the first permanent precipitate is taken as the 
end-point of the titration. To avoid confusion in the discussion 
that follows, the true end-point, obtained by titrating with per- 
manganate in the presence of sulphuric acid and completely oxi- 
dizing the oxalic acid, is termed the “acid” end-point, and the 
end-point just described, obtained in the absence of any acid 
other than oxalic is termed the “non-acid” end-point The 
reaction was studied further to determine whether or not the 
non-acid end-point could be obtained with sufficient regularity 
and accuracy to find out the mechanism of the reaction, and 
obtain a formula for calculating the acid end-point from the 
non-acid end-point. 

Solutions of potassium permanganate, oxalic acid and 
calcium chloride (each, 0.2 N) equivalent to each other were 
prepared. The calcium chloride solution was prepared by dis- 
solving Iceland spar in a small amount of hydrochloric acid and 
diluting to volume. The concentration of this solution was 
such that the calcium in 1 cc combined with the oxalate ion 
in 1 cc of the oxalic acid solution, and 1 cc of the potassium 
permanganate solution was required to oxidize the calcium 
oxalate thus formed, when dissolved in dilute sulphuric acid. 

Portions of 5, 10, 15, 25, 35, 45 and 50 cc, respectively, 
of the oxalic acid were placed in beakers and diluted to ap- 
proximately 100 cc. Each portion was then titrated at the 
boiling point, with permanganates until the non-acid end- 
point was reached. The results are shown in Table I (column 
C). 
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The Titration of Oxalic Acid with Potassium Permanganate in the 
Absence of Sulphuric Acid 


(A) 

(B) 

(C) 

(D) 

Cc 0 2 N oxalic 
acid taken 

Cc 0 2 N 
KMn 04 re- 
quired for acid 
end-point (theo- 
retical) 

Cc 0.2 N 
KMn 04 re- 
quired for non- 
acid end-point 

Vi 

Vo 

0 

Vo 

Vi 


5 

5 

3.31 

0.(>()2 

10 

10 

6.. 18 

0.058 

15 

15 

9.8.1 

0.657 

25 

25 

16.43 

0 . 657 

:^5 

55 

22.76 

0.650 

45 

4.1 

29.34 

0.652 

50 

50 

32.67 

0.653 

^E) 

(F) 

(G) 

V, 

(H) 

().()2.'j V„ 

V,- 

0 (125 Vo 

K 

or. Vo 

Vo- Vo 

3.13 

0.18 

5.06 

0.06 

6.2.1 

0.33 

10.06 

0.06 

9.38 

0.47 

15.06 

0.06 

1.1.62 

0.<S1 

25.12 

0.12 

21.87 

0.S9 

34.80 

-0.20 

28.13 

1.21 

44.86 

-0.14 

31.25 

1,42 

49.95 

-0.05 


The non-acid titrations bear an approximately constant 
ratio to the acid titrations (column D) . Referring to the equa- 
tion for the oxidation of oxalic acid in the presence of sulphuric 
acid, it will be noted that for every 5 molecules of oxalic acid 
oxidized, three molecules of sulphuric acid are required. 
That is, five of the eight equivalents, of acid accounted for 
in the equation, or 0.625 of the total amount, is oxidized. 
Multiplying the values in column B by this factor, we find that 
the results differ only slightly, and in a regular manner, from 
the results obtained by titration (column F). Dividing the 
sum of the terms in column F by the sum of the terms in 
column A, we obtain the quantity 0.029 which we shall 
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call k. Now we may derive a formula for the value of the 
non-add titration as follows: 

Vi= 0.625 Vo + feO 

In which, Vo=cc of potassium permanganate necessary com- 
pletely to oxidize a given volume of oxalic acid 
solution in the presence of excess sulphuric acid 
(add end-point) 

Vi=cc of potassium permanganate necessary to 
produce the non-add end-point. 

0 = cc of oxalic add titrated. 

Now the oxalic acid and the permanganate were taken as 
equivalent. Therefore we may substitute Vo for O. Sub- 
stituting the value of k and collecting we have, 

Vi= 0.654 Vo. 

Considering the coeffident of Vo as a constant, we may 
write Vi = K Vo. 

Substituting the successive values of Vi and dividing by 
Vo, we obtain the values given in column G, designated as 
Vj. The values of Vj— Vo are shown in column H. The aver- 
age numerical value of the terms in this column is 0.099 cc. 
That is, we can calculate the amount of oxalic acid present 
from the value of the non-acid titration within practically the 
experimental error. Also on this basis we may consider that 
k and K are constants. However k must be determined for 
each series of titrations as will be shown later. The results 
indicate that the value 0.625 does not vary. Consequently 
the reaction between oxalic acid and permanganate may be 
represented by the equation : 

2 KMn04 -b 8 H 2 C 2 O 4 — ► 

K 2 C 2 O 4 + 2 MnC 204 -f 8 H 2 O -I-IOCO 2 

The oxalic acid is reduced by the permanganate and as 
long as there is a sufficient concentration of hydrogen ion, 
present, the manganese compounds resulting from the reduc- 
tion of the permanganate are dissolved by the excess of oxalic 
add. The hydrogen ion concentration decreases during the 
titration until a point is reached at which the manganese com- 
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pounds are no longer dissolved and further addition of potas- 
sium permanganate results in the formation of a precipitate. 
At the end of the titration, the solution is no longer acid — in 
fact, in most cases it shows a faintly alkaline reaction. 

In Figure 1 curve A shows the volume of potassium per- 
manganate that is required completely to oxidize oxalic acid; 
curve C, the theoretical 
amount necessary to produce 
the non-acid end-point; and 
curve B, the non-acid titra- 
tion value obtained. The 
area between B and C is de- 
termined by the constant k. 

Effect of Certain Variables 
on the Non-acid End-point. — In 
making a series of titrations it 
is necessary to keep constant 
as many factors as possible 
if concordant results are to be 
obtained. Results are af- 
fected by the temperature, the total volume of the liquid 
titrated, the presence of other electrolytes and probably by 
other factors. 


Table II 

Effect of Total Volume 


Cc 0 . 2 N oxalic acid 

Water added 

Cc 0.2 N potassium per- 
manganate to obtain non- 
acid end-point 

50 

0 

31. R3 

50 

50 

32.67 

50 

150 

32.80 


In obtaining the results shown inTable I, the temperature 
was kept nearly constant since the titration was made at the boil- 
ing point — though the concentration of the mixture changed 
during the titration owing to evaporation and to the addition 
of permanganate, which of course affected the boiling point. 
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The same solution of potassium permanganate and oxalic acid 
were used for all the titrations. The total volume of the so- 
lution titrated was approximately the same in every case. 

The effect of total volume was determined by making 
three titrations in which every other factor was kept constant. 

As the total volume increased (within the limits ob- 
served) the excess of permanganate necessary to produce the 
non-acid end-point increased. 

The reaction is affected by the presence of salts of sul- 
phuric, hydrochloric, and acetic acid. The following results 
were obtained by neutralizing a given volume of the concen- 
trated acid as closely as possible with sodium hydroxide solution 
using phenolphthalein as an indicator, and then making just 
acid by adding 1% acetic acid from a burette. Usually only 
a drop or two of acetic acid was required. To this solution was 
then added 25 cc of the oxalic acid solution and water to make 
100 cc. 


Table III 

The Effect of Several Neutral Salts on the Reaction 


Cc 0.2 N oxalic acid 

Other acid added (after 
neutralizing with sodium 
hydroxide) 

Cc potassium permanga- 
nate to give non-acid 
end-point 

25 

None 

1().34 

25 

5ccH2S04 

15.15 

25 

5 cc HCl 

15.80 

25 

1 cc HCl 

16.20 

2.5 

5 cc CH^rOOH 

.. , 


Sodium acetate practically prevents the reaction. Large 
amounts of sodium sulphate and of sodium chloride decrease 
the titration values. That is, before the amount of potassium 
permanganate necessary to produce the non-acid end-point 
under normal conditions is added, a colloid is precipitated by 
the high concentration of electrolytes present. When sodium 
chloride equivalent to only 1 cc of concentrated hydrochloric 
acid is present, the effect is negligible. 

The Addition of Sulphuric Acid to Complete the Reaction . — 
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The effect of several concentrations of sulphuric acid on the re- 
action was studied. Since the non-acid end-point depends on 
the diminution of the hydrogen ion concentration, it was 
thought that possibly the oxidation could be carried to com- 
pletion by adding the theoretical amount of some other acid 
necessary to supply the hydrogen ion needed. 

Approximately 0.1 N potassium hydroxide and 0.1 N 
sulphuric acid were prepared. Portions of the hydroxide 
were titrated with the oxalic acid and like portions were ti- 
trated with the sulphuric acid. It was found that 1 cc of 
the sulphuric acid was equivalent to 0.4836 cc of the oxalic 
acid (in acidity). Now in tritrating 25 cc of the oxalic solu- 
tion with permanganate, 0.625 of the total amount present was 
oxidized and the ' remaining 0.375 was neutralized by the 
products of the first reaction. Therefore, the acid equivalent 
of 0.375 X 0.375 X 25 cc ( = 3.52 cc) of oxalic acid would be 
required to provide for the solution of the products of reaction 
from the remainder of the original portion of oxalic acid. This 
is equivalent to 3.52 -r 0.4836 cc of the standard sulphuric 


Table IV 

The Effect of Small Amounts of Sulphuric Acid 


Cc 0 2 oxalic acid 

Sulphuric acid present 

Cc potassium per- 
manganate 

25 

Large excess 

2o.()() 

25 

None 

16.25 

25 

15 cc of approx . 



0.1 N 

19.77 

25 

25 cc of approx . 



0.1 N 

2.3.87 

25 

50 cc of approx . 



0.1 N 

25.00 


acid ( = 7.24 cc). j^ Therefore, 25 cc of the oxalic acid plus 
7.24 cc of the sulphuric acid should give the regular acid end- 
point with permanganate. A number of trials showed this 
was not the case. Titrations were made with increasing 
amounts of sulphuric acid, as shown in Table IV. In each 
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case, water was added to make the total volume titrated 
100 cc. Between 25 and 50 cubic centimeters of the sul- 
phuric acid was needed, or approximately 4 to 7 times as 
much as the theoretical. With 50 cc, the liquid, when the 
end-point was reached, was not a clear pink but slightly 
brownish and turbid, resembling the non-acid end-point. 
The equation for the oxidation of oxalic acid in the presence of 
sulphuric add is more properly written : 

2KMn04 + 5H2C2O4 + XH2SO4— ► 

K2SO4 4- 2MnS04 + 8H2O + IOCO2 
-f-(x-3) H2SO4 

Theoretical Considerations . — ^When oxalic acid or one of 
its salts, is titrated with potassium permanganate, there is a 
question of equilibrium between what may be termed oxida- 
tion and add agendes. The effect of the latter may be divided 
into solution and predpitation. On the basis of this, the 
various phases of the reaction that have been studied will be 
discussed, including (a) the presence of excess sulphuric acid, 
(6) a limited amount of sulphuric acid, (c) oxalic acid alone 
(d) the effect of electrolytes, volume, temperature, etc. 

Excess Sulphuric Acid . — ^When an excess of this strong 
add is present, the manganese compounds formed are dissolved 
at once, produdng a dear nearly colorless solution, and the 
first drop of permanganate added after the reaction is com- 
plete is easily seen. Because of the high hydrogen ion concen- 
tration, the reaction is almost independent of temperature, 
concentration, and the presence of other electrolytes (so long 
as the latter do not have any oxidizing or redudng power). 

Acetic Acid . — Even with a large excess of acetic acid, the 
hydrogen ion concentration is not high, and as the titration 
proceeds, the concentration is diminishing both by neutraliza- 
tions and on account of the formation of acetates and the con- 
sequent common ion effect. The result is that while the ti- 
tration can be made and the same values obtained as with 
sulphuric acid, the temperature must be kept at or near the 
boiling point, and a longer time is required. 
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Limited Amount of Sulphuric Acid. — ^The titration starts in 
the normal manner but the solution of the manganese compound 
becomes slower and slower as the hydrogen ion concentration 
diminishes, and a colloid is formed. When this first appears 
it may be dissolved by continued stirring. Long before the 
hydrogen ion concentration reaches zero, the precipitating 
power of the ions present in the mixture (principally the sul- 
phate ions) is sufficient to throw down manganese compounds. 
Further addition of permanganate produces more of the pre- 
cipitate according to the so-called Volhardt reaction. Var- 
ious investigators disagree as to the composition of this pre- 
cipitate. It is probably a hydrous oxide of manganese, 
and may vary in composition, with the condition under which 
the precipitation is made. Indeed Orloff^ says there are 
thirty-three possible intermediate oxides or combinations of 
oxides in the reduction of MnjO: to MnO. 

Effect of Electrolytes, Volume, and Temperatures. — ^When 
conditions are favorable, the titration of oxalic acid alone with 
potassium permanganate produces no precipitation until all 
the oxalic acid has either been oxidized or neutralized. How- 
ever, changes in volume or temperature may cause a prema- 
ture precipitation. When neutral electrolytes are added, the 
precipitating power is increased without increasing the hydro- 
gen ion concentration — consequently the equilibrium is upset 
and a precipitate forms. 

We are now in a position to discuss the constant k, or 
why slightly more than the theoretical amount of permanga- 
nate is necessary to produce the non-acid end-point. The 
theoretical amount is required to remove the last of the oxalic 
acid from the solution, and then a slight excess is required to 
produce the colloid, which is later precipitated either by heat- 
ing or by adding still more permanganate. Further, it has been 
shown that oxidation-reduction reactions in the absence of acids 
are not instantaneous, and that an excess of one of the reacting 
substances may be required to drive the reaction to completion. 

• Zeit. phys. Chem., 80, 230 (1912). 
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Summary 

Oxalic acid may be titrated with potassium permanganate 
without the addition of any other acid. The oxalic acid serves 
as both reducing agent and as acid, and there are two distinct 
reactions although they proceed simultaneously. Of 8 equiv- 
alents of oxalic acid present, (o) 5 are oxidized by permanga- 
nate, and (&) the other 3 equivalents combine with the prod- 
ucts of (o). When this point has been reached the further ad- 
dition of permanganate solution produces a colloidal manga- 
nese compound which is precipitated on boiling for a few sec- 
onds. The appearance of turbidity followed by a slight 
permanent precipitate marks the end-point. 

The end-point is affected by (o) the temperature at which 
the titration is made, (b) the concentration and (c) the pres- 
ence of electrol 3 Tes in solution. 

When the solution of an oxalate is titrated in the pres- 
ence of sulphuric acid, the colloid precipitating power of the 
sulphate ion in a sense acts in opposition to the tendency of 
the hydrogen ion to keep the products of the reaction in solu- 
tion. The former is sufficiently powerful to produce a pre- 
cipitate in the presence of a fairly high concentration of the 
hydrogen ion. For this reason, the quantity of sulphuric acid 
actually required is much greater than the theoretical. 

Chicago, III. 



MORDANTS. I 


BY WILDER D. BANCROFT 

IntFoduetion 

In 1875 Napier* wrote: “If the various colouring matters 
used in dyeing had an affinity for the fibre the process would 
be very simple: it would only be necessary to make a 
solution of the dye-drug, and immerse the goods in it to ensure 
their being dyed. But so far from this being the case, 
if we except indigo and safflower, there is scarcely a dye-stuff 
that imparts its own colour to goods; nay, the greater part 
of the dye-drugs used have so weak an affinity, especially 
for cotton goods, that they impart no colour sufficiently 
permanent to deserve the name of a dye. The cause of this 
is obvious. If, for example, we take a decoction of logwood, 
the colouring matter is held in solution by the water; 
by putting a quantity of cotton into this solution the fibres 
become filled with the coloured solution, but if the cotton 
has no power to render that colouring matter insoluble, 
and retain it within its fibres it is plain that, by taking out 
the cotton and putting it into water, the colouring matter 
within and upon it will be diffused in the water — ^in other 
words, the dye, having no attraction for the fibre, is 
washed out. This want of affinity makes dyeing sufficiently 
intricate, and renders it more dependent upon science ; indeed, 
it is only by the nicest arrangement of a few chemical laws 
that the dyer is enabled to turn to advantage the various 
colouring matters of which he is in possession. When the 
dyer finds that there is no affinity between the goods and any 
colouring substance which is put into his possession, he en- 
deavours to find a substance which has a mutual attraction 
for the cloth and colouring matter, so that by combining this 
substance with the cloth, and then passing the cloth through 
the dyeing solution, the coloming matter combines with the 


^ Manual of Dyeing/' 186 (1875), 
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substance which is upon the goods, and constitutes a dye. 
This third substance used, which acts as a mediator, com- 
bining two inimical bodies, is termed a mordant, from the 
French mordre, to bite — ^from an idea which the old dyers had 
that these substances bit or opened a passage into the fibres of 
the cloth, giving access to the colour. And although the the- 
ory of their action is now changed, the term is still continued 
and perhaps further investigation will prove the term not 
altogether inapplicable.” 

In the first English book on dyeing, Bancroft^ distinguished 
between substantive and adjective colours.^ “To me, however, 
colouring matters seem to fall naturally under two general 
classes ; the first including those matters which, when put into 
a state of solution, may be fixed with all the permanency of 
which they are susceptible, and made fully to exhibit their 
colours in or upon the dyed substance, without the inter- 
position of any earthy or metallic basis; and the second, com- 
prehending all those matters which are incapable of being so 
fixed, and made to display their proper colours, without the 
mediation of some such basis. The colours of the first class 
I shall denominate ‘substantive;’ using the term in the same 
sense in which it was employed by the great Lord Verulam, as 
denoting a thing solid by, or depending only upon itself; 
and colours of the second class I shall call ‘adjective,’ as im- 
plying that their lustre and permanency are acquired by their 
being adjected upon a suitable basis.” 

Bancroft’s views on mordants^ are practically those held 
many years later by Napier. “Adjective colouring matters 
are generally soluble, in a great degree at least, by water; 
though some of them derive their solubility from an inter- 
mixture of what has been called ‘extractive’ matter; which 
being separated in the dyeing process, after the adjective 
colour has been applied to the dyed substance, their union 
becomes thereby more intimate and permanent. But in 

* Philosophy of Permanent Colours, 118 (1813). 

2 Bancroft: Philosophy of Permanent Colours, 1, 341 (1813). 
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other respects, adjective colours owe their durability, as well 
as their lustre, to the interposition some earthy or metal- 
lic basis; which, having a considerable attraction, both 
for the colouring matter and the stuff to be dyed, serves as a 
bond of union between them, and obviates that disposition to 
suffer decomposition and decay, which naturally belongs to 
such colouring matters when uncombined. These earthy and 
metallic bases, having been commonly employed in a state of 
solution or combination with acids, were from that circumstance 
denominated mordants (biters or corroders) by the French 
who, indeed, began to employ the term long before anything like 
a true theory of d5dng had been conceived ; whilst even alum 
was supposed to act by its sulfuric acid, and not by the pure 
clay upon which its usefulness depends, and whilst in truth 
all the other matters called mordants were supposed to be use- 
ful only by their solvent or corroding powers; and the term, 
having been thus employed, has been since adopted in other 
countries. The ingenious Mr. Henry, of Manchester, has, how- 
ever, lately objected to it, with great reason, and proposed 
in its stead to employ the term ‘basis,’ which seems defective 
only, inasmuch as it does not express the particular affinity, or 
power of attraction, manifestly subsisting between these 
earthy and metallic substances, and the several adjective 
colouring matters, as well as between the former and the 
fibres of wool, silk, cotton, etc. I confess, however, that 
no other more suitable term has occurred to me; and being 
unwilling to propose new terms, without some cogent reason, 
I shall some times employ that of mordant as well as that of 
basis; though not indiscriminately in all cases; since I 
shall generally use the former to signify earthy and 
metallic substances when actually dissolved by some acid, 
alkaline, or other solvent, and when of course they will 
commonly prove more or less corroding or biting, according 
to the original meaning of the term. But the denomination 
of basis will be most frequently used to designate the same 
earthy and metallic substances, distinctly and separately 
from any acid or other solvent, when actually fixed in the 
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pores or fibres of wool, silk, etc., or when it is not intended 
to notice any property in them, which may more immediately 
result from their combinations with any particular menstrumn. 
M. BerthoUet, indeed, gives the term mordant a much more 
extensive signification, as meaning all the different chemical 
agents capable of serving as intermedia between the several 
colouring particles and the stuffs so dyed with them, either 
fpr the purpose of assisting their union, or of modifying 
it. This last effect (of modification) may, however, be pro- 
duced by a variety of matters besides those which are of the 
earthy or metallic kinds, and indeed by everything capable, 
not of fixing, but of merely varying the shades of adjective 
colouring matters. These, therefore, I think it more proper 
to designate, not as mordants or bases, but as ‘alterants’ 
whose use and application may in this respect be extended to 
substantive as well as to adjective colours.” 

A mordant is thus a substance which is adsorbed strongly 
by the fibre and which adsorbs the dye strongly. If one is a 
purist, it is necessary to say that adjective colours dye the 
mordant and not the fiber; but nobody does this because the 
difference can only be detected by careful microscopic ob- 
servation.* 

The word mordant has prevailed over Bancroft’s word, 
basis, so far as the dyeing industry is concerned ; but the latter 
term has survived in the paint trade, where we speak of the 
carriers for lakes as bases,* this having nothing to do with 
the chemist’s use of the word to denote an oxide or hydroxide. 
In fact a particular precipitated barium sulphate® has been 
given the trade name of Lake Base because it was ‘‘of great 
value as a base upon which to precipitate lakes.” 

At the present time we distinguish acid and basic mordants 
the tannins and the so-called oils being the acid mordants* 
while the hydrous oxides of the heavy metals are classed as the 

1 Minajeff: Zeit Farben-Ind., 6, 233 (1907). 

* Thon^e: Dictionary of Applied Chemistry, 3, 236 (1912). 

« Toch: ^'Chemistry and Technology of Paints,’' 117 (1916). 

* Knecht, Rawson and Lowenthal: ‘'A Manual of Dyeing,” 5 (1910). 
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basic mordants. This distinction is a comparatively recent 
one, for the basic mordants used to be considered as practically 
the only ones.’ 

“All the mordants, with one or two exceptions, are found 
among the metallic oxides. It may be supposed from this 
that, as metals are the most numerous class of elements, mor- 
dants are also very numerous ; it is not so, however. In order 
that the substance may act as a mordant, it must possess cer- 
tain properties; it must have an attraction for the colouring 
matter, so as to form with it an insoluble coloured compound ; 
and it must be held easily in solution in order to enter within 
the fibre. It may also have an afiinity for the fibre, a tendency 
to unite with it, but this property is not essentially necessary; 
only the two first properties are .so, and they limit the mor- 
dants almost wholly to what are termed the insoluble bases — 
that is, substances which are not by themselves soluble in 
water. 

“The bases or oxides which are in general use as mordants, 
and which appear to succeed best, are alumina and the oxides 
of tin and iron ; the two first are colourless, and the peroxide of 
the latter is brown, and imparts to white goods a buff or nan- 
keen colour ; which in many cases affects to a considerable ex- 
tent the colour of the cloth, a circumstance which must also 
be attended to by the dyer. Indeed, the principal part of 
all dyeing operations is the proper choice and application of 
mordants; there being a chemical union between them and 
the colouring matter, a new substance is formed, not only 
differing in properties, but differing in colour, from any of the 
originals, consequently a very little alteration in the strength 
or quality of a mordant gives a decided alteration in the shade 
of colour. However, this gives the dyer a much wider field 
for variety of shades, and at the same time a less number of 
colouring substances are required; as, for example, logwood 
alone gives no colour to cotton worthy the name of a dye; 
yet by the judicious application of a few different kinds of 

* Napier: "A Manual of Dyeing,” 186, 192 (1875). 
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mordants, all the shades from a French white to a violet, 
from a lavender to a purple, from a blue to a lilac, and from a 
slate to a black, are obtained from this substance.” 

“The property which the fibre possesses of fixing portions 
of the dye-stuff within its pores will have to be often referred to, 
as it bears a very important relation to mordants. What are 
termed astringent substances have a strong action in this way 
in combining with the fibres of cotton goods. A piece of 
cotton put into a hot solution of sumach, and remaining in 
it until cool, there is a quantity of the astringent principle, 
probably gallic or tannic acid, fixed upon the fibre which no 
washing will remove. We have seen goods thus treated 
passed afterwards through all the regular operations of 
bleaching, and still retaining so much of these substances as 
was sufficient to impart a black tint on passing them through 
protosulphate of iron. Hence the astringent matters in many 
vegetable dyes act a very important part in the dyeing oper- 
ations. Whether such substances as galls and sumach, which 
are used only for their astringent principle, may be termed 
mordants, is a question we need not discuss; but they are es- 
sentially necessary for fixing within the fibre such quantities 
of the metallic base or mordant as are required to give depth and 
permanency to the colom; and as these astringent matters 
produce tints with the bases, they give a wider scope for va- 
riety of colour. Thus, if we pass a piece of cotton through 
a solution of protochloride of tin, and then wash it in water, we 
will have a great quantity of oxide of tin fixed within the fibre 
by the operation of washing ; and by passing this cloth through 
a decoction of Brazil-wood, and then ‘raising’ with a little 
spirits, there is a fine though not permanent, rose-red pro- 
duced. If we pass the cotton through bichloride of tin, and 
then wash, there is very little of the oxide of tin fixed; for 
the bichloride is not decomposed, as the protochloride is, by 
water. If, then, it is passed through the Brazil-wood in the 
same manner as the other, a colour of less depth is produced ; 
but if the cloth be previously steeped in siunach, and be then 
passed through the tin solution, even the bichloride, the astrin- 
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gent principle of the sumach combines with the tin, and forms 
an insoluble compound; and there is thus fixed a great quan- 
tity of the metallic base within the fibre, which gives the colour 
with the Brazil-wood, so that, when immersed into the wood 
decoction, there is obtained a colour of great depth and perma- 
nency. But the compound formed between the tin and .sumach 
gives a yellow, and thus peculiar tints of the colour are ob- 
tained; instead of having a rose colour, as was obtained with- 
out the sumach, a deep rich red, between rose and scarlet, is 
produced. Thus sumach, galls, etc., are extensively used, 
in connection with metallic bases, to fix, modify, and impart 
depth to colours for which these bases are applied. The 
nature of these astringent substances will be given under the 
distinctive names of the matters which contain them.” 

While the oxides of aluminum, tin, and iron were prac- 
tically the only basic mordants in use in Napier’s time, chromic 
oxide is probably today the most important of all the mordants, 
unquestionably so for wool. Nearly all possible oxides have 
been studied at one time or another. Liebermann' reports 
on experiments with the oxides of aluminum, antimony, 
beryllium, bismuth, cadmium, cerium, chromiiun, cobalt, copper, 
iron, lead, manganese, nickel, thorium, tin, uranium, yttrium, 
zinc, and zirconia. Titania® is used as mordant on 
leather hat-bands. Alumina was the first mordant used, 
and in the old days the oxides of aluminum and tin were the 
most important, with iron oxide a poor third because people 
were interested in obtaining bright colours. Nowadays the 
oxides of chromium and aluminum are the important ones, 
with the oxide of iron a fair third and the oxide of tin a poor 
fourth. The possibility of using other oxides had been con- 
sidered more than a century ago, for Bancroft® says: “It 
will be ascertained hereafter, by my own particular experi- 
ments, that all the metals, properly so called, as far as they have 
been tried, are capable of attracting adjective colouring 

1 Ber. deutsch. chem. Ges., 35, 1493 (1902). 

^ Barnes: Jour. Soc. Dyers and Colourists, 35, 59 (1919). 

* Philosophy of Pennanent Colours, 1, 392 (1813). 
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matters in some degree, and of serving as bases to them ; and 
this is also true of most of the earths; though none of them is 
so efficacious and useful in this way as alumine; indeed this 
and the oxide of tin, seem to be the only bases suited, by their 
perfect whiteness, toi^reflect the rays of light so as to exhibit 
adjective colours with their utmost lustre and brightness, 
every other falling short of these in that respect, and almost all 
of then appearing to sadden or darken the colours which they 
serve to fix. Probably, the oxides of zinc and antimony do 
this less than any of the others: the former, however, (zinc) 
does not appear, by my experiments, capable of giving much 
stability and permanency to any colour dyed with it.” 

Until near the end of the fifteenth century the alum used 
for dyeing in Italy came from the Turks, there being an alum 
works near Constantinople and a famous one near Smyrna.* 
“About the year 1460, Bartholomew Perdix (by some called 
Pemix) a Genoese merchant, who had become acquainted with 
the preparation of alum in Syria, when returning thence to Italy, 
happened, at the island of Aenaria, now called Ischia or Hiscla 
to observe large alum stones among the substances which 
had been thrown up, more than one hundred years before, in 
consequence of the eruption of a destructive volcano there; 
and, having calcined some of these stones in a furnace, he ex- 
tracted from them excellent alum.” Pure alum was appar- 
ently given the additional appellation in Italy of rocca or 
roccha, whence come the French name of alun de roche and the 
English one of roach alum. 

A few years after Perdix had begun to produce alum 
from the stones which he found at Ischia, the famous deposit 
at Tolfa near Civita Vecchia was discovered by John di Castro. 
The account of this throws such a light on the trade in the heavy 
chemicals in those days that it is worth quoting® in spite 
of its having nothing to do with the theory of mordants. 

“This John di Castro, being fond of travelling, had re- 

^ Bancroft: Philosophy of Permanent Colours, xxxi (1813). 

* Ibid., 1| xxxiii (1813). 
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sided some time at Constantinople, and acquired much wealth 
by dyeing cloth made in Italy, which was transported thither 
and committed to his care, on account of the abundance of 
alum in that neighborhood. Having by these means an 
opportunity of seeing daily the manner in which alum was 
made, and from what stones, or earth, it was extracted, he 
soon learned the art. When, by the will of God, that city was 
taken and plundered, about the year 1455, by Mahomet II, 
Emperor of the Turks, he lost his whole property; but, happy 
to have escaped the sword of these cruel people, he returned to 
Italy, after the assumption of Pius II, to whom he was related, 
and from whom he obtained, as an indemnification for his 
losses, the office of commissary-general over all the revenues of 
the Apostolic Chamber, both within and without the city. 
While in this situation, he was traversing all the hills and moun- 
tains, searching the bowels of the earth; he at length found 
some alum stones in the neighborhood of Tolfa; and having 
made experiments by calcining them, he obtained alum, and 
repairing to the pontiff, said to him: T announce to you a 
victory over the Turk. He draws yearly from the Chris- 
tians above three hundred thousand pieces of gold, paid to 
him for the alum with which we dye wool of different colours, 
because none is found here, but a little at the island of Hiscla, 
formerly called Aenaria, near Puteoli, and in the cave of Vulcan 
at Eipari, which having been exhausted by the Romans, is 
now almost destitute of that substance. I have, however, 
found seven hills, so abundant in it, that they would be almost 
sufficient to supply seven worlds. If you will send for work- 
men sufficient, and cause fiu-naces to be constructed and the 
stones to be calcined, you may furnish alwn to all Etu’ope; 
and that gain which the Turks used to acquire by this article 
being thrown into your hands, will be to him a double loss, 
etc.’ These words of Castro appeared to the pontiff as the 
mere result of idle dreams. He, however, employed skilful 
people, who found that the stones really contained alum; but 
least some deception might have been practised, others were 
sent to the place where they had been found, who met with abun- 
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dance of the like kind. Artists, who had been employed in 
the Turkish mines in Asia, were then brought from Genoa ; and 
these, having closely examined the nature of the place, de- 
clared it to be similar to that of the Asiatic mountains, which 
produce alum; and, shedding tears for joy, they kneeled down 
three times, worshipping God, and praising his kindness in 
conferring so valuable a gift on our age. The stones were 
calcined, and produced alum more beautiful than that of Asia, 
and superior in quality. Some of it was sent to Venice and to 
Florence; and being tried, was found to answer beyond ex- 
pectation. The Genoese first purchased a quantity of it, 
to the amount of twenty thousand pieces of gold ; and Cosmo, 
of Medicis, for this article laid out afterwards seventy-five 
thousand. On account of this service, Pius thought Castro 
worthy of the highest honours, and of a statue, which was 
erected to him in his own country, with this inscription: ‘To 
John di Castro, the inventor of alum;’ and he received, be- 
sides, a certain share of the profit; immunities and a share 
also of the gain, were granted to the two brothers. Lords of 
Tolfa, in whose land the aluminous mineral has been found. 
This accession of wealth to the Church of Rome was made, by 
the divine blessing, under the Pontificate of Pius II ; and if it 
escape, as it ought, the hands of tyrants, and be prudently 
managed, it may increase; and afford no small assistance to 
the Roman pontiffs, in supporting the burthens of the Chris- 
tian religion.” 

‘‘The wealth which the pope obtained from the discovery 
and working of the mines of Tolfa, encouraged and produced 
similar undertakings in other parts of Italy, particularly at 
Volterra, in the district of Pisa, though their success was greatly 
obstructed by the obstacles which the pope contrived and em- 
ployed against them, in order that he might monopolize all 
the benefits to be derived from the manufacture and sale of 
alum ; of which he raised the price so exorbitantly, that alum 
procured from the Tiu‘ks was found much cheaper than that of 
Tolfa, and, therefore, employed. But to obviate this inter- 
ference, the pope pretended to devote the revenue produced 
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by his alum works to the defence of Christianity against the 
Turks, and menaced all who should act so unchristianly, as 
to purchase or procure, alum from these infidels, with ex- 
communication; which prohibitions were renewed by several 
of his successors.” 

“In England the first alum work was that of Gisborough, in 
Yorkshire, begun near the end of Queen Elizabeth’s reign, 
upon lands belonging to Sir Thomas Chaloner, who secretly 
procured workmen from the alum works at Tolfa, no person 
in England then knowing how to produce it. This seduction 
of his workmen so enraged the pope, as we are told by Pennant, 
in his Tour to Scotland, that his holiness endeavored to frighten 
and recall them, by curses, or anathemas, in the very form left 
us by Emulphus.” 

Bancroft' states that “this alum continues to be known 
under the name Roman alum and esteemed above all others; 
principally because it contains about half as inuch iron as 
most other alums: the latter, however, may be rendered 
equally pure and valuable, by calcining, then dissolving, and 
afterwards recrystallizing them. Stahl, Newman, Pott, and 
other eminent Chemists consider alumine as a calcareous earth, 
and not as being an earth, which it is, sui, generis, nearly re- 
lated to clay, but differing from it.” 

According to Bersch,* under the name of Roman alum, 
“or that of ‘cubical alixm,’ a variety of alum is sold, generally 
at a rather higher price than ordinary alum from which it is 
distinguished by its crystalline form. Ordinary alum forms 
octahedral crystals often the size of a child’s head, but cubic 
alum well-formed cubes. The property of crystallizing in 
cubes may be imparted to any alum solution by the addition 
of a little potash.® Much so-called Roman alum is made in 
German works in this way. When this alum contains very 
little iron, it is quite equal in quality to the best Roman alum, 
for the higher value of the latter is due entirely to its low con- 

^ Philosophy of Permanent Colours, 1, xxxv (1813). 

® “The Manufacture of Mineral and Lake Pigments,” 46 (1901). 

* Cf. Napier: “A Manuel of Dyeing,” 120 (1876). 
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tent of iron. The alum prepared in the province of Naples is 
still better than Roman alum; it contains less iron.” 

We are so familiar with metallic aluminum and so ac- 
customed to look upon Sir Humphry Davy’s preparation of the 
alkali metals as one of the great discoveries of the period 
that it is rather a shock to learn that this view was not shared 
by all of his contemporaries.* 

“I have in the course of this work, commonly adopted the 
language, and with a few exceptions, the principles or expla- 
nations of modem chemistry, not as being wholly unobjection- 
able but as according best with known facts, and being most 
likely to become parts of a more perfect system, when future 
discoveries shall have laid a sufficient foundation for the con- 
struction of one. I have not, however, been convinced of the 
expediency of adopting some of the opinions promulgated by 
Sir Humphry Davy; though I hope and believe, that I am 
properly disposed to admire his extraordinary talents, and ac- 
knowledge the important additions made by him to chemical 
science. This is not the place to discuss, and, therefore, it 
would be improper to dispute any of his facts; but I hope it 
may not be deemed improper for me to mention a few of the 
objections to which some of his conclusions seem liable. 

“He supposes himself to have proved that the fixed 
alkalies (and several of the earths) are metals combined with 
oxygene, or, in other words, metallic oxides; and that when the 
oxygene has been separated by the powerful agency of opposite 
electricities, from the bases of these alkalies, the latter are re- 
duced, each to its proper metallic state, and though the sup- 
posed metallic globules so produced, cannot be retained in 
this state for a single minute without burning, and again be-- 
coming potash and soda, and are besides much lighter than 
water, he has thought it right to consider and arrange them 
as metals, under the names of potassium and sodium.* He, 

^ Bancroft: Philosophy of Permanent Colours, 1, vH (1813). 

2 Gay-Lussac and Thenard have supposed these productions to be com- 
pounds of potash and soda with hydrogene (or hydrures), and Curadau has thought 
them to be compounds of charcoal, or charcoal and hydrogene, with potash and 
soda. 
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(Sir H. Davy) admits that ‘a considerable degree of specific 
gravity was formerly considered as an essential character of 
metallic substances, but (he adds) I have discovered bodies 
lighter even than water, which agree in all other essential 
qualities with metals, and which consequently must be arranged 
with them.’ See ‘Elements of Chemical Philosophy,’ p. 319. 
How it should follow that bodies which agree with metals in 
all but one essential character, must be arranged with them, 
I am unable to conceive; for to my understanding, an op- 
posite inference seems the most natural, and indeed, the only 
allowable one. But is it true that the bodies in question do 
really possess all the other characters which are deemed es- 
sential to the constitution of a metal? Is not the strong 
propensity of potassium and sodium to bum instantaneously 
in the air, and as instantaneously to decompose water, without 
acquiring in either case, the properties of metallic oxides, at 
variance with all former ideas of the nature and essential 
characters of a metal? Even the shining quality of these 
supposed metals, which more than anything else seems to 
give them a metallic appearance, belongs equally to petro- 
leum, when diffused upon the surface of water, and to indigo 
when dissolved for topical application by calico-printers, as 
is hereafter described. Sir. H. Davy has admitted (p. 321 of 
his Elements) that ‘the common metals, in consequence of their 
fusibility, malleability, hardness, and durability, have been the 
most important instruments of the arts;’ and that ‘the uses 
of them have been essential to the progress of civilization;’ 
after such an admission, it may, I think, be reasonably asked, 
why they are to be confounded with matters which have none 
. of these characters? 

“Surely, if it be expedient (which I do not perceive) to 
comprehend things so dissimilar, under one common or general 
denomination, it would be much more convenient to invent a 
new name for that purpose, and allow us to designate matters 
of such high importance as the metals, properly so called, 
by that which has been so long appropriated to them. To 
confound, by one appellation, substances so unlike each other. 
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as those commonly called metals, earths, and salts, must be 
highly inconvenient for the ordinary purposes of life, as well 
as for the operations of human intellect; and it must be no 
small addition to the evils of this confounding, to have it ex- 
tended even to water, and to that fluid of which our atmosphere 
chiefly consists, nitrogene; both of which, as a consequence 
of these doctrines, are to be deemed metallic oxides (i. e., 
of hydrogene). It cannot, I think, be necessary for the ad- 
vancement of science that we should thus perplex our language 
and ideas, and subvert those distinctions which have long reg- 
ulated the actions and opinions of mankind; and I have, 
therefore, abstained from these innovations in the following 
pages. There is, indeed, an additional reason for not con- 
sidering in this work the alkalies as metallic oxides; which is, 
that their effects in dyeing are as opposite as possible to those 
of the oxides of metals, properly so called: and in regard to 
alumina (or the earth of alum), which is supposed to contain 
a peculiar metal, called by Sir H. Davy ‘aluminum,’ I must 
declare that the evidence of probability of its existence, appears 
to me much more feeble even than that which regards the 
supposed metals of the alkaline earths ; which last, in my judg- 
ment, is far from being sufficient to warrant his arrangement of 
them in the class, and under the denomination, of metals.” 

It is worth noting that Bancroft uses the word aluminum 
and not aluminium. Davy* says in one place that if he had 
succeeded in isolating the metal he was going to call it alumium ; 
but he actually does call it elsewhere* al um i n um. Graham® 
uses the same spelling, while Silliman® writes alu m inium though 
adding that ‘‘aluminum would seem preferable, but I adopt 
the orthography already introduced.” The truth of the. 
matter seems to be that aluminum is the proper English 
spelling, analogous to platinum, stannum, and glucinum, 
while aluminium is a later and German version. 

^ Collected Works, 5, 122, from PhU. Trans., 1808 

® Ibid., 4, 262; from '‘Elements of Chemical** Philosophy, 1812. 

* "Elements of Inorganic Chemistry,** 419 (1868). 

* Elements of Chemistry, 293 (1830). 



Mordants. I 


461 


The earlier experiments on the mordanting of wool and 
with aluminum sulphate or with alum do not seem at all in 
accord with what we now find; but the discrepancy is more ap- 
parent than real. According to Bancroft;' To impregnate 
wool or woolen cloth with aluminous basis, it is commonly 
boiled in water, with from one-fourth to one-sixth of its weight 
of alum, and from one-twelfth to one-sixteenth of its weight of 
crude tartar, putting the latter first into the water, and, 
afterwards, the powdered alum : the heat of the water being 
gradually raised, is kept at the boiling point for an hour and 
a half, or two hours, during which the cloth is turned through 
the boiling liquor on a winch, that the mordant may be equally 
applied ; and being afterwards taken out and drained, it is com- 
monly left until the next day, and then rinced in clean water, for 
dyeing. In the early collection of recipes, printed in 1605, and 
already mentioned, sour bran liquor is commonly directed to be 
employed in this way with alum; and it seems to have an- 
swered the purpose of tartar, which, when it came to be generally 
used in this way with aliun, was supposed by the older dyers to 
do good by softening and correcting the acrimony of the latter: 
probably, however, the purposes which it answers, are not 
yet clearly ascertained; one of them seems to be, that of in- 
creasing the solubility of alum, and enabling it more completely 
and intimately to penetrate the fibres of the wool, with which it 
moreover enters into a permanent union, and thereby contributes 
efiicaciously to modify, vary, and in some cases to brighten the 
coloiu^ with which it is employed, as will be seen hereafter. 

“It was until very lately believed, even by those who had 
most knowledge of the subject, that woolen cloth boiled in this 
way, with alum, decomposed the latter, in a considerable 
degree at least, attaching to itself the alumine, though not 
without a small portion of the sulphuric acid in combination 
therewith.® Very recently, however, MM. Thenard and Roard 

* Philosophy of Permanent Colours, 1, 384 (1813). 

• Berthollet, tom. i. p. 80, after saying, that in aluming .stuffs the latter 
decompose the alum, and combine with the alumine, whilst the add, which 
held it dissolved, separates and remains in the bath, adds, "Mais il ne faudrait 
pas conclure de 111, qu’aucune portion de l*adde ne reste dans la combinaison de 
rftoffe oil elle peut avoir quelque influence sur la couleur.” 
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(of whom, the latter is director of the dyeing department at the 
imperial manufactory of the Gobelins at Paris), appear to have 
acquired more correct ideas on this point, by a series of experi- 
ments, of which they have given a minute statement, in a 
memoir read at the Physical and Mathematical class at the 
French National Institute (see Ann. de Chimie tom., 74, p. 
267 [1810]). 

“These experiments were principally made with alum, 
acetate of alumine, tartar, and the solutions of tin, applied to 
wool, silk and cotton; and by these, it was fully ascertained 
that alum and cream of tartar do not decompose each other 
when dissolved in water, and boiled with wool, (a fact which 
had, indeed, been previously asserted by Berthollet) ; that in 
this boiling, the wool combines with the alum, without de- 
composing it in any degree,^ and also with the tartar; that equal 
parts of alum and tartar would dissolve in two-fifths less of 
water, than would be required to dissolve them separately. 

“They found that wool, as it is commonly cleansed for 
being alumed, was not deprived of the carbonate of lime 
naturally combined with it; and that this wool being boiled 
the usual time, with ono-fourth of its weight of alum and one 
sixteenth of its weight of cream of tartar, rendered the bath 
or water, troubled or muddy, and produced (as is, indeed, 

1 It was completely ascertained that when wool had been so alumed, the 
alum employed might be all recovered, partly from the bath or liquor in which 
the aluming had been performed, and partly from the wool itself, by repeatedly 
washing the latter in pure boiling water: commonly a dozen separate washings 
were sufficient to remove completely all the alum which had united itself to the 
wool; and the alum, so separated, was susceptible of a distinct crystallization, 
as if it had never been so employed. After the last of these washings, the wool 
or cloth, so washed, was found to be as mcapable of receiving colours by dyeing, 
as if it had not been so alumed; and, indeed, before the last, it was always found, 
that the colour attempted to be dyed upon it, was feeble, in proportion to the 
number of washings which had taken place. 

It became evident, therefore, from these experiments, that wool or cloth 
boiled with alum (and tartar) attached to itself the undecomposed alum only, and 
that a decomposition of the latter does not take place until the subsequent 
operation of dyeing, when the affinity, of wool, being assisted in the dying vessel, 
by the affinity of the adjective colouring matter, their co-operation separates the 
alumine, in a great degree at least, from the sulphuric acid. 
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commonly observed) a copious white sediment, which being 
collected, washed, and analysed, was found to consist chiefly 
of a sulphate of lime, and a saturated sulphate of alumine. 
That when wool had been properly cleansed, and deprived of 
its carbonate of lime, no sulphate thereof was found. Such 
wool or cloth, being boiled in pure distilled water, with the 
proportions just mentioned of alum and tartar, and the bath 
or liquor with which the boiling had been performed being 
carefully evaporated, a residuum was found, consisting of 
alum, cream of tartar, and a compound, difficultly crystalliz- 
able, of tartrite of potash and animal matter. The wool 
itself, when so boiled, afforded, by repeated washings, alum, and 
a small quantity of cream of tartar, besides a very sour com- 
bination of tartaric acid, alum, and animal matter. As the 
acid of tartar combines so copiously with wool, MM. Thenard 
and Roard have inferred, that it ought not to be employed in 
this way with alum, except for colours which acids contribute to 
raise and improve : and among such colours they rank those of 
cochineal, kermes, and madder; but those of weld, logwood, 
and Brasil wood, not resisting acids as they suppose, wool, 
intended to be dyed from either of these, ought, as they 
think, to be alumed, without any addition of tartar. The 
accuracy of these opinions will be tried by facts when the 
several colouring matters here mentioned shall claim our 
particular attention.” 

Napier* quotes the following theory of mordants by M. 
Dumas: 

“Cream of tartar, or bitartrate of potash, constitutes by 
itself a feeble mordant, but which is very often used in dyeing 
light woolen stuffs, to which we may wish to give a delicate but 
brilliant shade. It is also employed in the dyeing of ordinary 
woolen goods, but here it is associated with alum, sulphate of 
iron, chloride of tin, etc. Its influence, under these circum- 
stances, consists evidently in determining a double decomposi- 
tion, from which we have produced a sulphate of potash or 


> "Manual of Dyeing,” 200 (1875). 
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chloride of potassium, whilst the tartaric acid combines with 
the alumina, the peroxide of iron, or the oxide of tin. Now 
it is very probable that the colouring matters remove the alum- 
ina, the peroxide of iron, or the oxide of tin, more readily from 
tartaric than from sulphturic acid. Moreover, the presence 
of free sulphuric acid would certainly prove injurious, as well 
to the stuff as to the colouring matter, whilst free tartaric acid 
can exercise no unfavorable action over them. 

“The operation of subjecting wool to the alum mordant 
is always effected at the boiling point; the mixture used in this 
process is a compound of alum and of cream of tartar. One 
of the objects of this addition is to free the bath of the car- 
bonate of lime which the water generally retains in solution, 
and which, acting on the alum, would determine its partial 
decomposition by producing an insoluble subsulphate of alum- 
ina and potash, and this accumulating on the stuff, and be- 
coming unequally fixed upon its surface, would lead to stains 
or blotches on passing the material through the dye-bath. 
But, independently of the above effect, which might be pro- 
duced by any acid, cream of tartar appears to be capable of 
effecting a further object, by inducing a double decomposi- 
tion, which transforms the alum into a tartrate of alumina. 
However this may be, after one or two hours’ boiling in the 
alum-bath, the cloth which should be constantly agitated so as 
to cause a more equal application of the mordant, is withdrawn 
from the copper, and, after thoroughly draining, it should be 
put aside for two or three days, when we wish to dye it with any 
full-bodied colour. Experience has proved that this repose 
after the use of the mordant greatly favours the union of the 
latter with the stuff. In applying the tin mordants we also 
make use of cream of tartar. It is, moreover, an indispensable 
addition where we desire to fix the salts of iron previously 
to dyeing in black. 

“Woolen cloth, on being dipped into a cold aqueous so- 
lution of alum, appropriates to itself a part of this salt, but 
without undergoing any very sensible alteration. MM. Then- 
ard and Roard have, indeed, proved that cloth, when thus 
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treated by a cold solution of alum, gives up this salt to boil- 
ing water, and that, after a few washings performed at the 
boiling point, it will have parted with the whole of the alum 
which it had received in the cold bath. When, however, cloth 
is boiled in a solution of alum, it yields to this liquid a portion 
of its organic matter, which becomes dissolved; but at the 
same time it absorbs an equal amount of the alum. 

“We have now merely to shew the action which wool 
undergoes when brought into contact with almn and cream 
of tartar at one and the same time. It is very possible that there 
may be in this case a simultaneous fixation of alum, as well as 
of the double tartrate of alumina and potash, and of tartaric 
acid. The presence of alum in the cloth when taken from the 
boiling solution is very evident; that of the tartrate of alumina 
and potash and of free tartaric acid is only presumable. 

“Silk, in like manner, unites itself with alum when placed 
in a cold solution of this salt, and afterwards parts with it to 
boiling water; it may be reproduced from this liquor by 
evaporation. The action of silk on acetate of alumina is 
identical with that of wool. It at first absorbs this salt in 
its pure form; then, by desiccation it loses some acetic acid, 
and retains a mixture of the acetate together with alumina 
in its free state; it gives up a further portion of this acetate to 
boiling water. 

“The alum mordant is always used cold with silk: if 
employed hot, it would destroy its lustre. The bath should 
not contain cream of tartar when it is intended for this ma- 
terial ; on the contrary, we here have recourse to a variety of 
alum of as neutral a character as possible. 

“The theory of the action of mordants is connected in the 
closest manner with that of dyeing. It may, in fact, be 
viewed under two very different aspects. Sometimes we admit 
that there exists a true combination between the stuff and the 
colouring matter — a combination which can only be determined 
by a veritable affinity between these two bodies, and which 
will present a condition analogous to that which occurs in all 
chemical combinations — ^that is to say, a state of saturation. 
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beyond which the union of these bodies becomes of a very 
unstable character; at other times, on the contrary we regard 
the dyeing of stuffs as produced by a nearly mechanical phe- 
nomenon, by virtue of whidi the colouring matters become 
imprisoned in the meshes of the organic filaments contained in 
the material to be dyed. This latter opinion is evidently 
the better founded. It approximates the theory of dyeing to 
some analogous phenomena which we find manifested by 
animal dxarcoal on coloured solutions; for, as the animal 
charcoal seizes upon the colouring matters contained in an 
aqueous solution, and renders them insoluble by fixing them 
in a purely mechanical manner within its own pores: so may 
the wool, the silk, and the cotton, appropriate the colouring 
matters held in solution, and, by fixing them in their pores, 
render them more or less insoluble to water. Experience, 
however, shews that dyeing thus produced is wanting both in 
intensity and in fixity— two qualities which it derives by the 
previous application of a mordant. Now, we can readily 
see that the mordants themselves may become fixed in the 
tissues by similar causes to those which determine the fixation 
of the colouring matters by animal charcoal. We know, in 
fact, that this latter body possesses the property of removing 
from water not only the colouring matters, but also certain 
salts. There will, therefore, be no difficulty in imagining 
that silk, wool, and cotton may, in their character of porous 
bodies, pmely and simply seize upon the alum, and that this 
salt, when once imprisoned in the meshes of the tissue, may 
subsequently react upon the colouring matter according as this 
latter, in its turn, penetrates the interior of these materials. 

“We may then refer the phenomena of absorption, which 
characterise the fixation of the mordants and the penetration 
of the colouring principles into the tissues, to the same cause 
as that which determines the action of animal charcoal on 
certain soluble salts and colouring matters. But if one of 
these stuffs be impregnated with alum and then dipped in a 
bath of soluble colouring matter, it acquires a very deep tint, 
which appears to be essentially produced by a kind of lac. 



Mordants. I 


467 


formed by means of the colouring matter and the base of the 
mordant. On the other hand, in a great number of cases, the 
mixture of the above mordant with the dye-bath fails in pro- 
ducing an insoluble precipitate. Thus, when we mix together 
alum and a decoction of Brazil-wood, no precipitate is formed, 
and, to obtain a lac froqj this liquor, we are obliged to add 
some alkali or alkaline carbonate, such as ammonia ; in a word, 
we must render the alumina free. While admitting, then, in 
accordance with the experiments of MM. Thenard and Roard, 
that the stuffs fix the alum in its natural state, we must ac- 
knowledge, at the same time, that, by some special action, the 
tissue subsequently determines the union of the base of the 
mordant with the colouring matter. This special action is 
equivalent to that of the alkali. 

“Now, it is certain that the above-mentioned stuffs pos- 
sess in a high degree the faculty of seizing upon the insoluble 
colouring matters when these are presented to them in their nas- 
cent state. It is thus that cotton becomes dyed of a rose col- 
our in a liquor which contains carthamic acid in suspension, 
arising from the decomposition of a carthamate of soda by an 
acid. In like manner we find wool acquires a black colour, 
when placed in a boiling solution of a salt of iron and tannin, 
by attracting to itself the black precipitate resulting from 
their admixture. Consequently, although the dyer generally 
endeavors to produce the insoluble compound, on which the 
colouring stuff depends, within the very pores of the tissue, 
still we may affirm that, in many cases, the cloth or other ma- 
terial, when placed in presence of the nascent precipitate, has 
the property of seizing upon it, and thus acquiring a shade of 
greater or less intensity. 

“It is to this property (which is due to some hitherto 
undetermined cause) that we must undoubtedly refer the re- 
action which takes place between the alum and the soluble col- 
ouring matters, as well as some of these more mysterious phe- 
nomena which are manifested in dyeing. How else, indeed, 
are we to account for the fact that wool so readily takes a scar- 
let colour, while cotton and silk are unable to fix it? How 
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explain the cause of wool so easily appropriating the black pre- 
cipitate formed by tannin and the salts of iron, while silk, 
under the same circumstances, acquires a black colour only 
by great trouble and expense? How, in one word, can we 
understand why certain colours should fix themselves better 
on certain materials than on others, unless it be by virtue of some 
special action, wrongly designated by the name of aflSnity, 
but which does not the less constitute a force, or rather a 
consequence of diverse forces of which we must take full ac- 
count during the operations of dyeing? To confound, in fact, 
a chemical affinity properly so called, such as is evidenced in 
ordinary chemical combinations when produced in definite 
proportions, with the phenomena of dyeing, is certainly to 
mix together two very distinct ideas. The union of silk with 
Prussian blue, or of wool with indigo, is quite a different 
thing to the combination of sulphur with lead. But to con- 
sider the tissue as a simple filter, capable of retaining in its 
pores certain principles, and of receiving from them peculiar 
colours, is to go equally far in an opposite direction ; nor would 
this supposition at all explain the mode in which the coloured 
lac is formed in most of the operations of dyeing, operations 
which are effected by an aluminous salt and a colouring bath, 
altogether incapable of producing any lac, except by the ad- 
dition of an alkali for the purpose of setting the alumina at 
liberty, or of a stuff which has the power of taking up the lac, 
as quickly as it is formed. 

“Among the reasons which induce us to regard the in- 
soluble colouring matters and the stuffs as capable of uniting 
together by virtue of some special force, we must mention 
the facts elicited by the recent experiments of M. Chevreul, 
who has found that the stuffs and colours, when once united 
form products which are endowed with properties differing, 
according to the nature of the stuff, in the same given colour. 
The properties of the dyeing matter are, then, greatly modified 
by the peculiar action of the tissue on the dye. Numerous 
examples place the truth of this assertion beyond all question. 
It becomes, therefore, perfectly clear that it is only by an 
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attentive and systematic study of the specific properties of 
the stuffs, in their relation to the various dyeing matters which 
we may desire to fix upon them, that we can hope to direct the 
future progress of the art of dyeing.” 

On the other hand‘ “Chevreul denied that the alum could 
be washed out by water, and Bolby stated that actual decompo- 
sition took place ; a basic salt being deposited on the fibre, leav- 
ing the solution more acid.” 

Knecht, Rawson and Loewenthal- consider that “the 
mordanting of wool and silk appears to be analogous to the 
dyeing of these fibres, and to depend upon their acid and basic 
properties. Thus, wool boiled with a solution of altuninum 
sulphate fixes both the acid and the basic constituents of the 
salt; but, being possessed of more pronounced acid than basic 
properties, it absorbs the basic constituents more energetically 
than the acid one, and some free acid is left in the solution. 
By subsequent treatment with boiling water, more acid is 
extracted, and the alumina becomes more firmly combined 
with the substance of the fibre. It is noteworthy that only 
such salts which contain the acid and basic constituents in a 
comparatively loose state of combination are absorbed by the 
wool fibre. Thus, whereas the sulphates of aluminum, iron, 
chromium, and copper are readily taken up from the boiling 
solution by the wool fibre, sodium sulphate or sodium chloride 
are not taken up at all. Chromic acid, on the other hand, is 
readily taken up by wool, and, like the acetates of the heavy met- 
als, is precipitated from its aqueous solution by lanuginic acid.” 

Thenard and Roard believed that aluminum sulphate or 
alum is adsorbed by wool unchanged and that the elimination 
of the sulphate radical takes place when the mordanted fibre 
is dyed. Most of the work since then has been to the effect 
that wool does decompose aluminum sulphate more or less. 
If the recent writers had read the original paper by Thenard 
and Roard, there would have been no discrepancy to explain. 

> Dreaper: “The Chemistry and Physics of Dyeing,’’ 61 (1906). 

® “A Manual of Dyeing,” 20 (1910). 
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Havrez^ showed that when relatively concentrated solu- 
tions of alum are used in mordanting wool, the mordant washes 
out readily and the wool is not dyed so deeply as when more 
dilute solutions of alum are used. He recommends not going 
above ten percent alum, referred to the amount of wool. It 
has been found by von Georgievics* that from relatively di- 
lute solutions of alum, more alumina than sulphate is taken 
up by wool while the reverse is true for relatively concentrated 
solutions. At twenty-four percent alum, referred to wool, 
the two are taken up in equivalent quantities. Thenard 
and Roard used twenty-five percent alum, referred to the wool, 
so that their results are absolutely in accord with the most 
modem data. The whole trouble arose from their using a 
more concentrated solution of alum than is now customary. 

Cornell University 

‘ Dingler’s Polytech. Jour., 205, 491 (1872). 

* Jour. Soc. Chem. Ind., 14, 653 (189.)) 



THE RELATION BETWEEN LIGHT-ABSORPTION AND 
LIGHT-SCATTERING FOR LIQUIDS* 

BY W. H. MARTIN 

Water is well known to exercise selective absorption on 
light in the yellow and red part of the spectrum and also in 
the extreme ultra-violet. Between 2000 A and 5000 A however 
is a region in which water is extremely transparent. If now 
it be assumed that in this region of very slight absorption all 
the energy lost by the primary wave appears as scattered 
light, we are led at once to a value for the ratio of incident 
to scattered light for water or other liquid. 

Such an assumption has been made by various authors. 
Lacking until recently any measurements of the light scattered 
by liquids, they have used in their stead absorption measure- 
ments for testing out various light-scattering formulas. It 
is the purpose of this article to review somewhat critically 
the measurements of absorption of water previously made 
and to present some measurements on dust-free water and 
benzene made in this laboratory. 

Hufner and Albrecht,' P^wan,- and Aschkinass* all give 
results which are not at all in good agreement in the region 
of the spectrum with which we are concerned. Kreusler^ 
examined the transparency of water in the ultra-violet and 
violet region. It is clear that, although all the above workers 
carefully distilled the water, they did so in the presence of 
air and must certainly have had a great deal of dust in the 
water. 

Fowle® has used the results of these experimenters to 
evaluate N, the number of molecules of water per cubic centi- 

* Received April 21. 

■Wied. Ann., 42, 10 (1891). 

2 Proc. Roy. Soc., 57, 127 (1894). 

2 Wied. Ann., 55, 401 (1895). 

< Ann. Phy.s., [4] 6, 412 (1901). 

‘ Smith: Mis. Coll., 69, No. 3 (1918). 
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metre, by means* of* the Rayleigh formula:' 

_ 32 7r»(]a - 1)* 

* 3NX^ 

and has obtained a value of N in most excellent agreement 
with the accepted value. The author believes this agreement 
to be entirely fortuitous, and has shown in an earlier paper* 
that the measured value of the light scattered by water is 
only about one tenth of that used by Fowle in his calculation. 
Moreover Rayleigh distinctly states that bis formula is not 
quantitatively applicable to liquids. 

C. V. Raman® has recently and very successfully applied 
the Einstein-Smoluchowski^ relation 

- §1* (m* - D* (m* + 2)* 

27 NX* 


to the scattering of light by liquids, and has shown that the 
observed values for several liquids are in excellent agreement 
with those calculated from the above relation. This equation 
is evidently more general than the Rayleigh equation since: 

(1) it reduces to the Rayleigh equation for gases which 
obey Boyle’s law; 

(2) it fits fairly well the observed results for liquids; 

(3) it accounts for the remarkable opalescence of liquids 
near the critical conditions. 

Raman has assumed that all the light absorbed by water 
in the neighborhood of 5000 A is scattered. He has favored 
the absorption measurements of Aufsess® who took consider- 
able care to free the water from motes, following Spring’s 
method of removing the dust by precipitation of gelatinous 
precipitates in the water, and no doubt removed all the dust. 

The extinction-coefficients measured by Aufsess are much 
smaller than those of other experimenters — in fact he could 


‘ PhU. Mag., 47, 375 (1899). 


2 Martin and Lehrman: Jour. Phys. Chem., 26, 75 (1922). 

3 ^'Molecular Diffraction of I<ight, University of Calcutta/’ 1922. 
Proc. Roy. Soc., 101 A, 64 (1922). 

^ Ann. Phys., [4] 33, 1275 (1910). 

« Ibid., [4] 13, 678 (1904). 


See also 
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detect no absorption for “optically empty’’ water for wave- 
lengths shorter than 5200 A. The reason for this is apparent 
however on reviewing his method. He passed the light through 
a tube 5 . 5 metres long and compared the emergent light with 
a standard By filling the tube first with air and then with 
water he found the absorption due to the water. Regarding 
the reflection of the glass plates at the end of the water-tube 
he says: “The reflection on the passage of the light to a dif- 
ferent medium had, as I persuaded myself, no appreciable 
influence on the measurement.’’ 

Now it is well known that for perpendicular incidence 


the fraction of light reflected is approximately 




which for an air-glass surface is four percent, whereas for a 
water-glass surface it is negligibly small. Therefore empty- 
ing out water from the tube is equivalent to decreasing the 
intensity by about eight percent. Presuming that he used 
glass of refractive index 1.5, I have recalculated his results 
and found that they are in fair agreement with the results 
given later in this paper. 

Since the matter of the absorption of water has been so 
much in dispute, and is of considerable interest to those con- 
cerned with the theory of light scattering, some measurements 
have been made with water carefully freed of dust. 


Measurement of the Absorption of Light by Water 

The water used in the measurements was contained in 
a pyrex-glass tube 90 cm long and 2 . 5 cm in diameter. Op- 
tically flat end-plates of pyrex glass were sealed into the tube 
by the method described in a former paper,’ and the water 
was rendered free from dust by the method of distillation in 
vacuum without ebullition. The source of light was a Cooper- 
Hewitt mercury lamp and the three lines 4358, 5461 and 5780 
were isolated by Wratten light-filters placed in front of the 
observer’s eye. Two pieces of white paper A and B, illumi- 


> Jour. Phys. Chem., 26, 75 (1922). 
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nated by the mercury lamp were seen side by side through a 
Lummer-Brodhun cube. The paper B was seen through the 
tube of water, and the paper A was made to match it in in- 
tensity by adjustment of an optical wedge. The tube of 
water was then replaced by two pieces of pyrex glass cut 
from the same piece as the end-plates of the tube and having 
a thin film of water between them. Any loss of light due to 
reflection at the ends of the tube was thus compensated for. 
From the two readings of the wedge with the tube in place 
and with the tube replaced by the reflection-compensator 
the absorption of the water is given. A telescope was used in 
making the photometric comparison and several diaphragms 
were so placed that the field was limited as desired and all 
parasite light was excluded. 

The optical wedge used, though supposedly a good neutral 
grey, was found to exercise some selective absorption and was 
calibrated for the three wave-lengths used by comparison 
with a whirling disc with variable sector. 

The actual absorption was very small so that the ex- 
tinction-coefficients «; given below, are subject to considerable 
error. The probable error is as great as 25 percent for the 
blue line 4358 A, and less for the other lines. The blue line 
is particularly difficult to measure since there is apparently 
no light filter obtainable which is transparent to this line and 
quite opaque to the other mercury lines. On the other hand 
very transparent monochromatic filters are obtainable for 
5461 A and 5780 A. 

The results of the measurements of the coefficients of 
extinction per centimetre of water are given below, e is de- 
fined by the relation 



d is the length of the column of water in centimetres. — 

lo 

is the ratio of the intensity of light transmitted by water to 
that which was transmitted by air. (The slight absorption 
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of the air was neglected, the laboratory being rather isolated 
and the air fairly dust-free.) 

The same experiments were repeated with ordinary 
laboratory distilled water and with dust-free benzene prepared 
by distillation in vacuum. 


Wave-length 

e 

Ordinary dis- 
tilled water 

C 

Optically 
empty water 

€ 

Kwan’s results 

6 

Dust-free 

benzene 

435SA 

.00087 

.00012 

.00042 

.00056 

5461 

.00072 

.00034 

.00051 

.00024 

5780 

.00095 

.(X)0G4 

.00090 

.00045 


It appears from the table that the dust-free water pre- 
pared by the method of distillation in vacuum in pyrex glass 
(an extremely insoluble glass) is much more transparent than 
the water used by Ewan. Aufsess is the only experimenter 
whose results are lower than ours, and the reason for this 
seeming discrepancy has been suggested above. 

The Relation of Absorption to Scattering: 

Recently Martin and Lehrman have measured the light 
scattered by water. Let us then consider the extinction- 
coefficient « as consisting of two parts ti and t 2 , ti being that 
part of e accounted for by the scattering and «•> the remainder. 

Ir- 

The ratio — for X 4358 A is known. 

EV 

I is the intensify of the scattered light at a distance, r, 
in a direction perpendicular to that of the exciting beam, 

E the intensity of the exciting beam, 

V the volume of liquid under observation. 

Since the intensity of the scattered light varies inversely 
as the fourth power of the wave-length, we can find this ratio 
for any wave-length. By summing all the light scattered in 
every direction, that is, by integrating the scattered Ught over 
a sphere, it follows that 

_ IflTT If* 

T" EV* 
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For dust-free water 


X 

Ir* 

^ (measured) 

«1 

€ (measured) 


4358 

5461 

5780 

1.77X10-* 
7.2 XIO-^ 
5.7 Xl0-» 

3.0X10-* 

1.2X10-' 

9.6X10-* 

For dust-free t 

1.2X10-' 

3.4X10-' 

6.4X10-' 

yenzene 

0.9X10-' 

3.3X10-* 

6.3X10-' 

4358 

5461 

5780 

2.6X10-” 

1.1X10-' 

S.4X10-* 

4.4X10-' 

1.8X10-' 

1.4X10-* 

5.6X10-' 

2.4X10-' 

4.5X10-' 

1.2X10-* 

0.6X10-* 

3.1X10-* 


4358 A lies in the region where it has been assumed that 
all the absorption is due to scattering. How far this as- 
siunption is from the truth appears from the above table. 
Of light of this wave-length absorbed by water only one-fourth 
is scattered. We presume the rest of the absorbed light 
goes to heat up the water. The absorption is much greater 
towards the red — all experimenters agree that considerable 
selective absorption is met with beyond 5000 A. 

In benzene we have a liquid which for X 4358 and X 5461 
scatters almost three-fourths of the light which it absorbs. 

It would appear then to be very unsafe to draw conclusions 
regarding the light scattered by liquids from absorption experi- 
ments. Possibly some h5q)otheses might be made by which the 
scattered radiation might be related to the total absorption. 

Summary 

The transparency of dust-free water and benzene has 
been measured for three wave-lengths of light. 

The absolution of the dust-free water is considerably 
less than that found by other experimenters. 

The absorption is however still much too great to be ac- 
counted for by scattering alone. 

• Some conclusions regarding light-scattering, made by 
various authors who based their calculations on absorption 
measurements, are discussed. 

Chemical Laboratory 

University of Toronto 
April 1022 





EFFECT OF GRINDING UPON THE APPARENT 
DENSITY OF LEAD OXIDES 


BY O. W. BROWN, S. V. COOK AND J. C. WARNER 

The apparent density of lead oxides is recognized as an 
important factor in their use in the manufacture of storage 
battery plates. It has been noted in a previous article by 
Brown and Nees’ that grinding in a pebble mill has an effect 
on the apparent density of lead oxides. An oxide which is 
worthless for use in the manufacture of plates, if ground in a 
pebble mill under such conditions that its apparent density 
is increased, can be used in the production of very satisfac- 
tory storage battery plates. 

The influence of grinding is not the same upon all oxides. 
Coarse crystalline oxides, on grinding, at first show a decrease 
in apparent density, but with further grinding again show a 
greater apparent density. A 
light amorphous oxide steadily 
increases in apparent density x 
when subjected to grinding ^ 
in a pebble mill. ^ 

In this investigation, the B 
Abbe Trojan Mill was used for i 
the grinding. The outside ? 
measurements of the porcelain | 
jar were 8.75 by 9.75 inches. 8 
The flint pebbles ranged ap- § 
proximately, from one-half to i 
one inch in diameter, and * 
had a combined weight of 
1,033 grams. The mill was Fig. i 

adjusted so as to revolve 50 times a minute. In order to 
obtain equal grinding in all parts of the load, the mill was 
stopped every two hours and the contents scraped down from 

* Jour. Ind. Eng. Chem., 4 , Dec. 1912. 
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the walls of the porcelain jar with an aluminum spoon. The 
load consisted of about 1800 grams of the oxide except when 
an extremely light oxide was being ground. 

The apparent density of the oxides was determined be- 
fore grinding and after various intervals of grinding. The 
Scott Volumeter was used in all apparent density determina- 
tions. The results obtained were plotted using hours as 
abscissae and grams per cubic inch as ordinates. The lead 
oxides used in this investigation were obtained through the 
coiurtesy of the Picher Lead Co. 

The first oxide investigated was a red lead (Sample 
P. D. R.) which, by microscopic examination, was shown to be 
of a coarse crystalline nature. It was made from yellow 
litharge and had an apparent density of 24.34 grams per cubic 
inch before grinding. The results of experiments showing the 
effect of grinding .on the apparent density of this oxide are 
given in Table I. 

Table I 
Sample P. D. R. 


Hours of grinding 

Apparent density 
grams per cubic inch 

0 

24.34 

5 

21.. 33 

10 

20.10 

20 

22.22 

40 

2.').SS 

102 

28.77 

173 

30.45 

234 

31.68 


The results from Table I are shown graphically in the accom- 
panying figure. 

From the results of these experiments, it can be seen 
that the apparent density of the oxide first decreases with 
grinding and passes through a minimum after ten hours. Fur- 
ther grinding causes a steady increase in apparent density 
until a practically constant value is reached after 234 hours. 

The next oxide (Sample P. I. R.) subjected to grinding 
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parent density, before grinding, was 7.81 grams per cubic inch. 
The results of experiments showing the effect of grinding upon 
the apparent density of this oxide are given in Table III. 

The data from tius table are also shown graphically in the 
figure. The light amorphous oxide, used in these experiments 
does not pass through a minimum apparent density upon grind- 
ing as the heavy crystalline oxides do, but shows a regular in- 
crease in apparent density until a practically constant value is 
reached with between 74 and 96 hours of grinding. 

The apparent densities of the oxides, before grinding 
and after various periods of grinding were also determined in 
a packed condition by the use of a jolting machine. Under 
these conditions, the apparent densities of the oxides show a 
similar variation upon grinding, but the results obtained are 
not in all cases as consistent as the results obtained by the 
use of the Scott Volumeter. 

Conelusions 

The apparent density of a heavy crystalline oxide, first 
becomes less upon grinding, but with further grinding increases. 

After the minimum point is reached, the apparent density 
of a lead oxide increases rapidly at first, but gradually ap- 
proaches a constant value. 

The apparent density of a|light amorphous oxide increases 
with grinding from the start. 

Laboratory of Physical Chemistry , ' 

Indiana University 

' Bloomington^ Indiana 



THE FORMATION OF A WATER-IN-OIL TYPE 
EMULvSION BY THE CONCENTRATION 
OF THE OIL PHASE 

BY RABINDRA PRASAD SANYAL AND 
SHRIDHAR SARVOTTAM JOSHI 

Newman’s results obtained in the laboratory of Bancroft^ 
seem to throw doubt on the formation of a Water-in-Oil 
Type Emulsion by the mere increase of the Oil Phase. There 
is however some evidence in favour of the possibilities of the 
formation of both the types by changing the volume ratio of 
the phases in the experiments of Robertson^ and in the more 
recent pronouncements of Roon and Oesper’ from experience 
in pharmaceutical chemistry. Bhatnagar^ has also shown 
that in very low concentrations of the emulsifying agents, the 
phase ratio alone can determine the formation of one type or 
the other in case of viscous oils like B. P. paraffin and olive oil 
and not in the case of light oils like kerosene. These obser- 
vations have been doubted by Bancroft.® Many cases of the 
formation of Water-in-Oil emulsion by churning an excess of 
oil with water are known to chemists interested in the Industry 
of Paint and Margarine. It was therefore considered desirable 
to investigate the conditions governing the formation of type 
by merely changing the volume ratio of the two phases. 

Experimental 

The experiments were performed in wide-mouthed test 
tubes; varying amounts of the oil and soap solutions were 
used, the total volume of the two liquids being always 20 cc. 
The soap used was a pure sample of sodium oleate prepared in 
this laboratory from Merck’s pure chemicals. The oils tried 

» Jour. Phys. Chera., 18, 34 (1914). 

s Koll. Zeit., 7, 7 (1910). 

» Jour. Ind. Eng. Chem., 9, 156 (1917). 

* Jour. Chem. Soc., 117, 542 (1920). 

‘ Cf. Clayton; Nature. 108, 586 (1921). 
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were castor oil, olive oil and benzene. The emulsions were 
examined for type by the Briggs’ Drop method. The cream- 
ing of an emulsion is not considered as instability. All emul- 
sions in which the density of the two phases are different 
must cream sooner or later. An emulsion which separates 
into three layers namely water, oil and emulsifying agent 
layers, is considered unstable. In the creaming of a water-in- 
oil emulsion, soap is found to be with the oil phase, in the 
case of oil-in-water with the water phase. The emulsions have 
been observed for stability for at least twenty-four hours. 
The results are shown in Tables I -IX. 

Results 


Table I 

Concentration of Sodium Oleate Solution 0.02% 
Olive Oil 


No. of 
tubes 

Amount of 
soap .soln., 
cc 

Amount 
of oil, 
cc 

Type 

Remarks 

1 

1 

19 

Water in Oil 

vStable 

2 

2 

IS 

Water in Oil 

Stable 

3 

3 

17 

Water in Oil 

Stable 

4 

5 

15 

Water in Oil 

Stable 

5 

8 

12 

Oil in Water 

vStable & Creams 

6 

10 

10 

Oil in Water 

Foams & Creams 

7 

15 

5 

Oil in Water 

Foams & Creams 


Table II 

Concentration of Sodium Oleate .Solution 0.05% 
Olive Oil 


No. of 
tubes 

Amount of 
soap sola., 
cc 

Amount 
of oil 
cc 

Type 

Remarks 

1 

1 

19 

Water in Oil 

Stable 

2 

2 

18 

Water in Oil 

Stable 

3 

3 

17 

Water in Oil 

Stable 

4 

5 

15 

Water in Oil 

Stable 

5 

8 

12 

Oil in Water 

vStable 

6 

10 

10 

Oil in Water j 

Creams & Foams 

7 

15 

5 

Oil in Water 

Creams & Foams 
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Table III 

Concentration of Sodium Oleate Solution 0.075% 
Olive Oil 


No. of 
tubes 

Amount of 
soap soln.J 
cc 

Amount 
of oil 
cc 

Type 

Remarks 

1 

1 

19 

Water in Oil 

Stable 

2 

2 

18 

Water in Oil 

vS table 

3 

3 

17 

Water in Oil 

Stable 

4 

5 

15 

Water in Oil 

Stable 

f) 

8 

12 

Oil in Water 

Unstable 

6 

10 

10 

Oil in Water 

Creams 

7 

13 

5 

Oil in Water 

Creams & Foams 


Table IV 

Concentration of Sodium Oleate Solution 0.1% 
Olive Oil 


No. of 
tubes 

Amount of 
soap soil! , 
cc 

Amount 
of oil 
cc 

Type 

Remarks 

1 

I 

19 

Water in Oil 

Stable 

2 

2 

IS 

Water in Oil 

Stable 

3 

3 

17 

Water in Oil 

Stable 

4 

5 

15 

Water in Oil 

Stable 

5 

8 

12 

Oil in Water 

Stable 

G 

10 

10 

Oil in Water 

Creams & Foams 

7 

15 

5 

Oil in Water 

Creams & Foams 


Table V 

Concentration of Sodium Oleate Solution 0.5% 
Olive Oil 


No of 
tubes 

Amount of 
soap solii., 
cc 

Amount 
of oil 
cc 

Type 

Remarks 

1 

1 

19 

Water in Oil 

Stable 

2 

2 

18 

Water in Oil 

Stable 

3 

3 

17 

Water in Oil 

Stable 

4 

3 

15 

Oil in Water 

Stable 

5 

5 

15 

Oil in Water 

Stable 
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Table VI 

Concentration of Sodium Oleate Solution 0.75% 
Olive Oil 


No. of 
tubes 

Amount of 
soap soln.i 
cc 

Amount 
of oil 
cc 

Type 

Remarks 

1 

1 

19 

Water in Oil 

Stable 

2 

2 

18 

Water in Oil 

Stable 

3 

3 

17 

Oil in Water 

Stable 


Table VII 

Concentration of Sodium Oleate .Solution 1.0% 
Olive Oil 


No. of 
tubes 

Amount of 
soap soln., 
cc 

Amount 
of oil 
cc 

Type 

Remarks 

1 

1 

19 

Water in Oil 

Doubtful 

2 

2 

18 

Inversion Point 

Unstable 

3 

3 

17 

Oil in Water 

Stable 

4 

5 

15 

Oil in Water 

Stable 


Similar results were obtained with castor oil. The emul- 
sions of the Water-in-Oil type were of increased stability in 
this case. 

Two typical results are appended below: 


Table VIII 

Concentration of Sodium Oleate Solution 0.1% 
Castor Oil 


No. of 
tubes 

Amount of 
soap soln., 
cc 

Amount 
of oil 
cc 

Type 

Remarks 

1 

1 

19 

Water in Oil 

Stable 

2 

2 


Water in Oil 

Stable 

3 

3 

■ ■ 

Water in Oil 

Stable 

4 

5 

mm 

Water in Oil 

Stable 

5 

8 

mm 

Oil in Water 

Stable 

6 

10 

mm 

Oil in Water 

Creamed & Foamed 
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Table IX 

Concentration of Sodium Oleate Solution 0.2% 
Castor Oil 


No. of 
tubes 

Amount of 
soap soln., 
cc 

Amount 
of oil 
cc 

Type 

Remarks 

1 

1 

19 

Water in Oil 

Stable 

2 

2 

18 

Water in Oil 

Stable 

3 

3 

17 

Water in Oil 

vStable 

4 

5 

15 

Oil in Water 

Stable 

5 

10 

12 

Oil in Water 

Creamed & Foamed 

6 

15 

10 

Oil in Water 

Creamed & Foamed 


The Water-in-Oil type emulsions were unstable with 
Benzene. The Oil-in-Water type was formed when soap so- 
lutions of concentration about 1% were used. 


Discussion of Results 

From the results shown in Tables I-IX, it is evident that 
the Water-in-Oil type emulsion can be formed by simply 
shaking large quantities of viscous oil with soap solutions. 
The formation and the stability of these emulsions is depend- 
ent upon a low interfacial tension and a viscous continuous 
medium. That the viscosity of the oil plays a great part in 
the stability of the Water-in-Oil type is evident from the fact 
that in light oils like kerosene and benzene, the Water-in-Oil 
type is not stable, when large quantities of oil are churned with 
small quantities of soap solutions. On increasing the con- 
centration of soap solution to about 1% the nature of the emul- 
sif)dng agent is more effective than the volume ratio effect and 
Oil-in-Water emulsions only, are stable with a soap like sodium 
oleate. It is interesting to note that on decreasing the con- 
centrations, the inversion point is shifted towards the degree of 
closest packing. Similar results were also obtained by Bhat- 
nagar.* Also Clayton* has shown that by churning large 
quantity of oil with water containing emulsifying agents, a 
Water-in-Oil emulsion is formed but is poorer in texture and 

^ Loc. cit. 

* "'Symposium on Colloids.” Faraday Soc., Oct., 1920. 
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can be stabilised by increasing the viscosity of the continuous 
medium by sudden chilling. 

In a preliminary paper, Bhatnagar (Loc. cit.) used sodium 
hydroxide and olive oil containing fatty acids, as the results 
were intended only to test the electrical method of determin- 
ing the inversion point of emulsions. In later contributions 
(Bhatnagar Part III Thesis for the Degree of Doctorate of 
Science, London University, July, 1921) Bhatnagar used pure 
soaps and the results obtained by him agree with ours. Bhat- 
nagar has also pointed out there that “The stability of the 
Water-in-Oil emulsion obtained by simply increasing the 
amount of oil is less than that obtained when the very nature 
of the emulsifying agent helps its stability.” 

There is no doubt however as to the formation of a Water- 
in-Oil emulsion, when the concentration of the emulsifying 
agent is smaller than 1% and the oil used is viscous. In 
these cases the volumes of the two phases become important 
factors in determining the formation of type. 

Such emulsions can well be classified with the mechan- 
ical emulsions of McLewis & Ellis, because their formation 
is mechanical and they remain unexplained like the Water-in- 
Oil emulsions described here, on Bancroft’s hypothesis. 

We desire to express our thanks to Professor S. S. Bhat- 
nagar, D.Sc., for suggesting this work. 

Department of Chemistry 
Hindu University 
Benares 



NEW BOOKS 


Atomic Theories. By F. H. Loring. 22 X i j, cm; pp. v 21 S. New 
York: E. P. Dutton and Co,, iq2I. Price: $ 5 , 00 , — The object of this book 
as stated by the author, is to give the leading facts and theories which relate to 
the atom, particularly those which have not yet been treated at any length in 
text-books owing to their newness. The subject is presented under the following 
heads' introduction; atomic weights and whole-number isotopes: electrons and 
atomic nuclei; co-ordinating the electrical properties of the atom; K and L series 
of lines by X-ray analysis ; a note on crystal structure ; radio-activity and crystal 
structure as clues to atomic structure; Rutherford's nuclear theory of the atom 
with detailed experimental evidence; the quantum theory; the Bohr-Rutherford 
atom, Sommerfeld’s extension, and Epstein’s studies of the Stark effect; the 
photo-electric effect; the Zeeman effect, gaseous ionization, ionization potentials, 
and views concerning radiation; the Ivcwis-Eangmuir atomic theory; the octet 
theory; co-ordinating the Rutherford and Lewis- Langmuir theories; the Lewds- 
Langmuir octet theory of valence applied to organic nitrogen compounds; the 
octet theory as a clue to certain types of molecular instability, and a few remarks ; 
a note of caution; the possible complexity of hydrogen and its position in the 
Periodic Table; the energy of the atom, elements in the sun and their ionization, 
atomic energy and solar radiations, sun-spots and magnetic storms, high tem- 
peratures; atomic and molecular magnitudes determined by the Browmian move- 
ment ; magnetic susceptibilities of the elements; Sir. J. J, Thomson’s views of 
matter, mass, and radiation. 

On p, 14 is given Aston’s list of isotopes and on the next page is the 
statement that "The fractional irregularities of the atomic weights may be attri- 
buted to the existence of isotopes.” On p. 45 is the account of Rutherford’s 
work on the production of hydrogen from nitrogen. ‘"Thus it will be seen that 
the previous 1919 experiment is in general confirmed, and for the first time the 
disintegration of the nitrogen atom by swift «-particles is placed on record as 
an accomplished fact. While the effect is small [since] only one a-particle in 
30(XX)0 gets near enough to the nucleus of the nitrogen atom to displace a hydrogen 
sub-atom, it is of far-reaching theoretical consequence.” 

The statement in regard to light emission and to the photo-electric effect, 
p. 69, is refreshingly definite. “When light emission takes place, it is supposed 
to be due to the electron striking inwards towards the positive nucleus of the 
atom, and according to Bohr’s theory of the hydrogen atom an electron jumps 
from an outer to an inner orbit, and during its passage monochromatic radiation 
is emitted. In the photo-electric effect, the electron is caused to fly out of the 
atom, or out of its inter-nuclear position, by high-frequency light falling on it. 
Ultra-violet light incident on a clean metallic surface causes the emission of elec- 
trons from the metal. This is the photo-electric effect. With the alkali metals, 
sodium and potassium for example, visible light, i.e., light of lower frequency than 
the ultra-violet, and of longer wave-length, causes tliis electronic emission.” 

It is stated that a substance only emits its characteristic spectrum when 
it is subjected to intense ionization, p. 73. “It seems probable that an electron 
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on recombining with an ionised atom does not fall immediately into the atom 
but, owing to its velocity, describes a series of orbits round it, in the same way 
that the planets describe orbits round the sun. Each of these orbits will be de- 
scribed in a definite period, and will give rise to a single line in the spectrum. 
A single electron in passing successively through each of these orbits will thus 
emit in succession each of the lines in the spectrum. If the process was one of 
gradual collapse, so that the electron described circles of gradually diminishing 
radius, the light emitted would of course contain vibrations of every possible 
period — that is to say, it would be white light. It can, however, be shown that 
the number of orbits in which it is possible for the electron to move with the 
periodic motion necessary for the production of light is not definite, but that their 
number and radii depend on the arrangement of electrons in the atom. They 
are thus as characteristic of the atom as the periods of its own electrons, while 
at the same time the light of corresponding frequency is only emitted when the 
atom is undergoing recombination. Bohr on the assumption that the difference 
in the energy of the electrons describing two successive orbits is equal to the 
'quantum of energy’ . . has succeeded in accounting numerically for some of the 
lines in the hydrogen spectrum.” 

On p. 80 there is a quotation from Millikan. “The appearance of h in 
connection with the absorption and emission of monochromatic light (photo- 
electric effect and Bohr atom) seems to demand some hitherto unknown type 
of absorbing and emitting mechanism within the atom. This demand is strik- 
ingly emphasized by the remarkable absorbing property of matter for X-rays, 
discovered by Barkla (Phil. Mag., 17, p. 749), and beautifully exhibited in De 
Broglie’s photographs opposite p. 197. It will be seen from these photographs 
that the atoms of each particular substance transmit the general X-radiation up 
to a certain critical frequency and then absorb all radiations of higher frequency 
than this critical value. The extraordinary significance of this discovery lies 
in the fact that it indicates that there is a type of absorption which is not due either 
to resonance or to free electrons. But these are the only types of absorption 
which are recognised in the structure of modern optics. We have as yet no way 
of conceiving this new type of absorption in terras of a mechanical model. There 
is one result, however, which seems to be definitely established by all of this 
experimental work. Whether the radiation is produced by the stopping of a 
free electron, as in Duane and Hunt’s experiments, and presumably also in black- 
body experiments, or by the absorption and re-emission of energy by bound elec- 
trons, as in the photo-electric and spectroscopic work, Planck’s h seems to be 
always tied up in some way with the emission and absorption of enet*gy by the 
electron, h may therefore be considered as one of the properties of the electron.’* 
Whetham’s remarks on the lines of force, i>. 83, are also interesting. “Fara- 
day’s tubes, it is dear, give a powerful and convenient method of studying the 
phenomena of the electromagnetic field, and indications are not wanting that 
they represent something more than a useful mathematical fiction. If the struc- 
ture of the electric field be discontinuous in reality, as our tube-picture of it 
indicates; if the electric and magnetic effects of a charge of electricity are in 
reality exerted throughout the surrounding space by means of discrete tubes of 
force- vortex filaments in the aether, or whatever they may actually be; an ad- 
vancing wave of light must be discontinuous also. Could we look at such a wave 
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from the front and magnify it millions of times we should see not a uniform field 
of illumination, but a number of bright specks scattered over a dark ground. 
Each tube of force would convey its own tremors and these would constitute 
light, but between them would lie undisturbed seas of aether.” 

On p. 154 is given a summary of the author’s views in regard to hydrogen. 

Hydrogen appears to be unique in not being a whole-number atom The frac- 
tional part of its mass is relatively great. Hydrogen does not find a proper place 
at the heads of Groups I and VII. Its chemical activity is evidently such as 
not to enable it to form stable polymerides answering to known elements. There 
is a gap at the end of Group I that does not accommodate any radio-active ele- 
ment. Similarly, there are gaps below manganese which seem difficult to fill, 
and one of these would have to be filled by a radio-active element which seems 
improbable. On the hypothesis that all elements are polymerides of hydrogen, 
a difficulty arises owing to the fractional value, suggesting that the fundamental 
unit has a mass of 1 exactly. Considering hydrogen as a complex atom composed 
of mass parts a ~ 1.0000, h = 0.0077, and c (an electron) — 0.00055, a and b 
could possibly be more properly placed at the heads of Groups I and VII re- 
spectively, and thus account for the very strong affinity between these parts, 
and thereby explain the stability of the hydrogen complex {ab or abc), whilst 
the respective parts alone might have very great affinity, especially a, which 
could polymerise and form the whole-number elements as revealed by Aston’s 
recent experiments. Moreover, constructing a modified Langmuir Periodic 
Table, the absence of elements in Groups I and VII would suggest a shortage of 
elementary material, so to speak ; but this shortage would be made up at the heads 
of these groups by introducing the entities a and b at these places. This pro- 
cedure reveals a numerical regularity, as will be seen by the additions in Table 
XII. The complexity of hydrogen thus indicated would account for the fact 
that it is not fully eligible for a position at the head of either of the above-men- 
tioned groups. The question of atomic numbers to be assigned to these hypo- 
thetical parts is of interest but cannot be discussed here. The fact that ordinary 
hydrogen is not known to polymerise to form the elements would be expected 
if it carrie.s an auxiliary part which deprives it of this property.” 

On p. 161 there are a couple of paragraphs in regard to the behavior of 
elements in the sun. ‘Tn studying the chemical elements in the sun, Saha ob- 
serves that since there is no direct spectroscopic evidence of nitrogen in the sun, 
nitrogen being a light element, and also of thorium, thorium being a heavy ele- 
ment, there may be a reason for these and other apparently missing elements 
not giving spectroscopic evidence of the solar existence. In other words, atomic 
weight cannot be directly associated with the absence of these elements in the 
sun's spectrum; therefore, some other cause is to be sought. It is suggested 
that all the elements are really present in the sun, but only those which are stimu- 
lated into activity by the high temperature prevailing therein emit radiation. 

“It is suggested that the cause of this variation in the sun is due, not to 
a temperature variation, but to differences in the internal structure of the atoms. 

'Tn order to test this view, the elements are classified or studied according 
to their ionisation potentials. Thus the most strongly ionised elements appear- 
ing in the high-level chromosphere would be Ca, Ba, Sr, Sc, Ti and Fe; while 
in the lower layers such atoms are mixed with neutral ones. Hydrogen (H 2 ) 
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is completely dissociated into atoms throughout the solar atmosphere as there 
is no evidence of a secondary spectrum due to hydrogen molecules. This would 
be expected as the temperatures of the chromosphere and photosphere are re- 
spectively about 6000® and 7500® abs.” 

The reviewer was not familiar with the work done recently in obtaining 
very high temperatures, p. 171. “It is important to investigate stellar phe- 
nomena in the laboratory, as thereby a better understanding of stellar physics 
is obtained. To this end, J. A. Anderson has investigated the light from elec- 
trically exploded wires with the object of imitating high-temperature absorption 
spectra. When this method is fully developed it is hoped to reproduce stellar 
absorption spectra of the .solar type. The experiments arc, moreover, of interest 
in showing the possibility of obtaining very high instantaneous temperatures; 
for in probing the atom it is important to consider high temperatures and any 
effects arising therefore in connection with atomic structure — in particular the 
study of the problem from the energy side 

“In these experiments a large condenser charged to 26,000 volts was dis- 
charged through a fine wire (5 cms long, weight 2 mgrrns) in about 10 seconds. 
It was shown that about 30 calories were dissipated during this short interval of 
current flow. The wire was volatilised in a confined space. If all the energy 
involved had been dissipated as heat in the wire itself, its temperature should 
have been about 300,000® C. When the wire exploded the flash intensity, how- 
ever, corresponding to a temperature of about 20,000® C, was about one hundred 
times greater in brilliancy than that of the sun. 

“When the wire was exploded within a tube or slot under a bell jai ex- 
hausted to 20 mm pressure a line emission spectrum was obtained, and as the 
pressure was increased the continuous background increased in intensity and the 
spectra became more an absorption one The spectrograms showed clearly a 
pressure shift of the lines. Pressures up to 50 atmospheres can easily be obtained. 

“Using an iron wire, an absorption spectrum w^as produced which extended 
to 0.66 M, and this spectrum includes all classes of lines except pronounced en- 
hanced lines. It is hoped to reproduce stellar absorption spectra of the solar 
type by this method.” Wilder D, Bancroft 

Within the Atom. By John Mills 19 X 13 cm; pp. xiii -|- 215. New 
York: D. Van Nostrand Co,, jg 2 i. Price: $ 2 . 00 .— An the author says in the 
preface, “the volume is intended for readers who wish to obtain a familiarity with 
the basis of modern physical science. Without mathematical formulation it 
deals with modern theories as to matter and energy, emphasizing the granular 
structure and electrical nature of matter and the apparently coq^uscular character 
of energy. The reader need have no previous knowledge of electricity, mechanics, 
or chemistry.” 

The subject is presented under the following headings: atomic structures; 
satisfied and unsatisfied systems; the periodic table of atomic systems; mass and 
inertia of atomic systems; radioactive disintegrations; conduction of electricity 
through gases; conduction through solids and other electrical phenomena; the 
proof for the existence of an electron; isolating a proton; X-rays and atomic num- 
bers; photo-electric effects and the quantum of energy; light radiation and atom- 
models; more evidence for the quantum hypothesis; energy and its availability. 
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Some parts of the book are extraordinarily good. Speaking of X-rays, 
p. 124, the author says that "orderly reflection, to which we are accustomed in the 
case of polished mirrors and light rays, does not occur. Such reflection is possible 
only if the surface irregularities of the reflecting body are negligible in comparison 
to 'the wave-length,’ so-called, of the incident radiation. . . . For X-rays this 
distance is just about half the diameter of an ordinary diatomic molecule. No 
surface, therefore, can be smooth to X-rays and reflecting in the ordinary sense. 
For this reason the re-radiation of X-rays is usually irregular and disorderly.” 

On page 165, after a di.scussion of the Bohr atom, we read* "For the basic 
ideas involved in the Bohr atom-model there is a large amount of evidence. It 
will be noticed, however, that it does not conform to the picture of atom structure 
which was given in our early chapters, where the electrons were assumed to occupy 
relatively fixed positions in the atom. The concept of definitely localized elec- 
trons is highly satisfactory to the chemists who have found it to explain not only 
valence in chemical combinations but also many phenomena like the miscibility of 
different liquids, tendencies to vaporize, and hence melting and boiling tempera- 
tures. In such matters molecules which are believed to have like shells of electrons 
are found to have similar properties. 

"Between the chemists w’ho are interested in molecular combinations and 
such physicists as are concerned with radiation there is at present established a 
gulf. Each finds his own atom-model most convenient and satisfactory. The 
chemical model is due to a number of scientists, chief of whom are Lewis, who 
first suggested its general features, and Langmuir, who has elaborated and ex- 
tended it. It requires that the electrons effective in valence relations should be 
relatively fixed. The Bohr atom requires that some, at least, of the electrons 
shall be in rotation. 

"It seems quite probable, nevertheless, and indeed more or less inevitable, 
that the two conditions are not hopelessly conflicting and mutually impossible. 
According to the chemists’ construction the valence electrons in all except a 
few of the atoms are in external shells within which are other shells of electrons. 
Perhaps these inner shells contain the rotating electrons which determine the 
radiation of the ionised atom. In the case of the elements between lithium and 
argon, however, all except two electrons are in a single shell It is possible, there- 
fore, that future investigations of these elements will lead to evidence upon the 
basis of which a reconciliation may be possible, and the salient features of both 
models may be retained.” 

Especially good are the two paragraphs on p. 168. "In the preceding 
chapters there have been mentioned two types of emission spectra, line and con- 
tinuous. Of these the line spectrum is the more interesting. It is emitted by 
elementary substances which are in the state of a gas or a vapor, when the electrons 
have been displaced to new orbits or completely detached from the atoms. The 
return of an electron is accompanied by a radiation of which the frequency is 
characteristic of the element and the energy equal to one quantum. Line spectra 
are due to the natural vibrations of electrons and atomic nuclei. 

"A continuous spectrum, on the other hand, is a phenomenon of substances 
in the solid or molten-liquid state where the atoms are packed relatively close 
together. The atomic systems no longer function as untrammelled individuals 
but as members of a large and unorganized crowd. Each is limited in the ex- 
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pression of its tendencies (line spectrum'^ by the inter-relations and reactions with 
the other systems of its milieu. Energy, imparted to the atomic systems under 
these conditions, results in chaotic motions on the part of all, which then proceed 
to jostle and crowd each other. Instead of a clear individual expression, which is 
characteristic of the atomic type there arises a roar of notes, expressive only of 
conflict and chaos. No longer are types easily distinguishable by characteristic 
lines for the spectra are continuous. Of this phenomenon all incandescent solids 
are examples.’* 

The reviewer is not quite certain about the statement on p. 182 “that 
reflection is really re-radiatiofi. Any reflected radiation must then include 
most prominently those radiations which are of the same frequency as the oscilla- 
tors would themselves naturaUy emit. The phenomenon is one of resonance so- 
called — that is the phenomenon of greatest response when the appeal strikes the 
proper personal note.” If reflection is really re-radiation, it should be made clear 
why there is not radiation in all directions. That point may be clear to the physi- 
cist; but it is not to the layman. 

On a much lower plane is the paragraph on p. 58. “Suppose two dis- 
similar substances are brought into close relations by rubbing. In general there 
will be an appreciable difference between the substances in the matter of what 
constitutes a satisfactory configuration for the electrons of their molecules, for one 
may have a greater need for electrons than the other. Although the surfaces may 
appear smooth, the structure of their atoms is such that the act of rubbing two 
bodies together is really the act of crowding one planetary system into another 
or causing one to pass through the other. There is every opportunity for some 
of the electrons to be displaced from their own planetary systems and to join 
those of other nuclei. The molecules of the system which has the greater need 
for electrons will gain or that which would more willingly assume a configuration 
with fewer electrons will lose. The net results when the substances are separated 
is that one has more than its normal number and the other less; the first is 
negative and the second positive in charge. The classical substances are glass 
and silk, or cat's fur and sealing wax. The first of each pair acquires a positive 
charge and the second a negative charge.” 

There is nothing wrong about this; but it is not helpful and it is not con- 
vincing. The paragraph is merely a collection of perfectly respectable words and 
sentences which constitute a study in circumlocution. 

On p. 68 is the only actual mistake which the reviewer is qualified to detect. 
In the electrolysis of sulphuric acid it is not true that the sulphate ion delivers 
two electrons to the positive plate and then reacts with water to form sulphuric 
acid and oxygen. The sulphate ion does carry practically all the current to the 
positive plate; but it is the hydroxyl or the oxygen ions of water which discharge 
there and not the sulphate ion. That point was cleared up by LeBlanc over thirty 
years ago. 

The author has kept to his promise to avoid mathematics and the book is a 
praiseworthy attempt, perhaps the best that could be made. In places it attains 
success; but the task which the author set himself was a very difficult one and the 
reviewer feels that the author has not scored an unbroken string of bull’s-eyes. 

Wilder D. Bancroft 
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Elektrochemie wksseriger Ldsungen. By Fritz Foerster. Third edition 
2 $ X l 8 cm; pp. xx + poo. Leipzig: Johann A . Barth, iq 22 . Price: paper 200 
marks, cloth 230 marks. — In the preface to this edition the author says* '‘The 
second edition of this book appeared during the World War in the first quarter of 
1915, at the time when it was a question in Germany whether it was really possible 
to solve the problem of providing continuously the supply of munitions needed 
to defend the Fatherland. The problem was solved in a way to surpass all ex- 
pectations. Electrochemistry had its share in the work. The things that 
technical ability, supported and guided by scientific research, had started earlier 
were developed to the limit of production and new factories were started on the 
largest scale. These years were therefore years of harvest and growth . What was 
learned then will prove a weapon in the bitter struggle nece.ssary to make profits 
in spite of the completely disorganized conditions that have resulted from the war.” 

The chapters are entitled : electrical energy and direct current in general ; 
Faraday’s law and its practical consequences; theoretical consequences of Fara- 
day’s law and electrolytic dissociation theory; applications of the electrochemistry 
of the metals; electrolytic reduction; special electrochemistry of the halogens; 
electrolytic oxidation. 

The second edition was a good book ( 19 , 791) and the third edition is also 
good; but there is not the progress that one hoped to find. It would have been a 
great deal better if the author had rewritten the book practically completely, 
chapter by chapter. It is not so much that new material should have been put 
in as that the material should have been pre.sented more logically and less chrono- 
logically. In 1915 the author was ahead of his readers; today he is behind them 
because his point of view has not changed much in six years and ours has. The 
chapter on electrical endosmose is as good as it was ; but it ought to be much better. 
Instead of a .series of somewhat disconnected paragraphs, it should have been a 
clear and consistent presentation of the subject. 

In the discussion of over-voltage, practically no advance has been made and 
it is much more evident now than it was six years ago that the author’s general 
point of view is wrong. Instead of adopting frankly the view of Tafel, of Lewis, 
and of Bennett that hydrogen over-voltage is due to monatomic hydrogen, he 
slurs this over and lays great stress on hydrogen alloys, p. 316. “It seems natural 
to refer the varying effects of different cathodes on the electrolytic evolution of 
hydrogen to the fact that the hydrogen atoms set free at these cathodes pass 
through the stage of hydrogen alloys before becoming hydrogen gas. The varying 
stability of these alloys is the reason for the varying ease with which the evolution 
of hydrogen takes place at cathodes of different metals. Under hydrogen alloys is to 
be understood alloys of the metal with atomic hydrogen and also metallic hydrides, 
which then stand in equilibrium with definite concentrations of atomic hydrogn. 
At present it is impossible to distinguish between these two possibilities and we 
will therefore class both, for the .sake of brevity, under the heading of hydrides. 
We must consider these ‘hydrides’ as the primary products of increased free 
energy.” 

In the first place, there is no evidence that any hydrides are formed at all 
and, in the second place, hydrides cannot account in themselves for over-voltage. 
If the hydrides are stable, they will lower the voltage at which hydrogen is set free. 
If they are instable, they cannot form unless there is over-voltage and we have got 
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to have a primary product having a stronger reducing power than the hydrides. 
So far as we can see, the only possible thing is electrically neutral, monatomic 
hydrogen. Foerster postulates monatomic hydrogen but makes no use of it and 
digresses to the question of possible hydrides, which are secondary products at 
best and which are useful only in accounting for the form of the discharge curve. 
Similarly, one may concede the existence of PtOa without that helping us in any 
way towards a theory of over-voltage. 

The question of passive iron is not discussed clearly. On p. 227 and else- 
where it seems to be admitted that iron is passive because of an adsorbed, and 
thereby stabilized, oxide, though there is no discussion of its possible composition. 
That is a pity, for Bennett has shown that it must contain more oxygen than 
FezOs and cannot contain more than FeOs. On p. 430 however Foerster swings 
back to a possible adsorption of oxygen and to the formation of a negative cata- 
lyzer. 

It would be a very desirable thing if somebody were to translate this book 
because it is quite in a class by itself; but it would be still better if the translator 
should give a free translation, rearranging and rewriting so as to make it a logical 
presentation. Wilder D. Bancroft 

Inorganic Chemistry for Schools and Colleges. By James Lewis Howe, 
Second ediHon, revised. 23 X 16 cm; pp. viii -f 443. Easton: The Chemical 
Publishing Company, i2go. Price: $3.00. — In the preface to the first edition 
(1907) the claim was made for the book that it was the first of its kind to take the 
Periodic System for its guiding principle throughout. In the preface to the present 
edition Mr. Howe says that “the experience gained in using previous editions of 
this book has served to convince the author of the advantages of its general plan 
especially as to the sequence of topics.” 

Fifteen years of experience should be a good test and yet it does not seem 
to the reviewer to follow that the best way to remember a subject is necessarily 
the best way to present it to students beginning the subject. To the reviewer — 
who is speaking without any real knowledge of the subject — it would seem wiser 
when discussing the elements to group the metals together and to put the non- 
metals in another group at least temporarily. It cannot be helpful to the student 
to discuss manganese and bromine together for instance. As the author puts the 
noble gases in the eighth group instead of in a zero group, consistency would 
require him to discuss iron and krypton together, which of course nobody would 
do. The truth of the matter is that concessions have been made. 

The author begins with hydrogen, oxygen, and water, and then takes 
up salt, sodium, and chlorine. As sub-divisions he includes the phase rule, 
osmotic pressure, electrolytic dissociation, and neutralization of bases by acids, all 
of which has nothing to do with the periodic system. He then takes up the ele- 
ments consistently, discussing manganese immediately after fluorine, and calling 
the noble gases the inert series and the iron and platinum metals the active series 
of the eighth group. When it comes to the compounds, the treatment varies. 
The hydrogen compotmds start with the seventh group and end with the fourth, 
while the halides and oxides begin with the first group and end with the eighth. 

It seems to the reviewer that the merit of the book is probably due more to 
the contents than to the arrangement. The author does tell about buffaloes and 
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deer at salt licks, about pottery, and about alloys. There is a distinctly human 
touch about the book, which is lacking in some standard text-books. On the other 
hand one must ask the question whether elements and compounds, the law of 
definite and multiple proportions, atomic theory and chemical affinity should 
come in the introduction. The historical treatment of a subject is apt to be long- 
winded and obscure ; but it can easily be made interesting. The extremely logical 
and deductive method of presentation is concise and clear but usually dull. The 
reviewer believes that one should use the deductive method for research and the 
inductive method for teaching, whereas his colleagues, with very few exceptions, 
hold the opposite view on both points. 

There are one or two statements of fact that grieved or puzzled the reviewer. 
On p. 29, is the statement that the motion of the molecules may be so great that 
the substance remains in the gaseous state in spite of any increase of pressure. i he 
student will probably gather from this that the motion of the hydrogen molecule 
is enormously greater than that of the carbon dioxide molecule and that the motion 
of the carbon dioxide molecule is enormously greater than that of the water mole- 
cule. Also, the author’s presentation inculcates the idea that one can only have 
gas at temperatures above the critical temperature, whereas all we mean is that 
we cannot differentiate between gas and liquid above that temperature. 

On p. 30 it is doubtful whether the student will grasp the relation between 
sublimation and fusion. On p. 89 is the statement that when fused sodium chloride 
is electrolyzed, small metallic globules of sodium are obtained at the negative pole, 
which seems improbable in view of the fact that sodium boils at 878°. On p. 145 
is the statement that aluminum is now obtained by the electrolysis of bauxite 
dissolved in an artificial mixture of double chlorides. On p. 341 the account of the 
behavior of chromated gelatine is badly confused. So far as the reviewer knows, 
light has no action on a mixture of gelatine and chromium hydroxide and a 
mixture of gelatine and chromate is not insoluble. The word cation is misspelled 
consistently. Wilder D. Bancrojt 

Alchemy, its Science and Romance. By J. E. Mercer. 20 X cm; 
pp. tv -f 24$. New York: The Macmillan Co.; London: S. P. C. AT., iq2I. 
Price: $3.S0^ — In Part I '‘General History” (60 pp., Myth and Early History, 
Arabian Alchemy, Mediaeval Alchemy, Decadence, Transition to Science) the 
author sketches the lives and times of a dozen representative alchemists, de- 
scribes the spread of the art and its invasion of medicine, and finds the chief 
cause of decadence in “the confusion of objective fact and subjective notions.” 

In Part II “The Idea of Transmutation” (60 pp., Suggestions from Natural 
Processes, Philosophy and Transmutation, Alchemy and Animism, Magic and 
Astrology) the reasonableness of the alchemists’ aim is insisted on: “the in- 
ference from observations of external happenings to the possibility of transmuta- 
tion was warranted , indeed, the supiwsition may be granted the rank of ‘scientific.’ ” 
The analogies noted by the alchemists between chemical processes, those of life, 
growth and death in the vegetable and animal worlds, and those of spiritual and 
moral experience, are discussed at length ; and the influence of Plato’s philosophy 
on the operations of the laboratory is traced from the time of Psellus to the days 
when alchemy was discredited and discarded. 

In Part III “The Object of the Quest” (38 pp.. The Philosopher’s Stone 
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The Stone and Mysticism, Credulity and Imposture, Life of Bernard of Treves) 
examples are given of the extravagant language employed by the alchemists 
when writing of the Stone; “nevertheless we recognize throughout the influence 
of philosophical presuppositions which supply a rational basis for even the most 
rhapsodical and mystical of these speculations.’* Examples are given also of 
the fraudulent exploitation of alchemy, “yet the art has to its credit a long list 
of discoveries; it has advanced to a considerable extent our knowledge of nature; 
many of its speculations have a future before them. If we are fair to it, we shall, 
while laughing at or condemning the charlatans, acclaim the successes won by 
the genuine adepts,** 

In Part IV “Alchemy and Science** (77 pp.. Difficulties of Interpretation, 
The Materials, The Laboratories, Advances and Discoveries, Transition to 
Modern Chemistry, The Outlook) an attempt is made to summarize the chemical 
knowledge of the alchemists, to sketch the dawn of the scientific spirit, and to 
describe the discoveries which have led to the chemistry of today. 

The author thinks that his book “may perhaps claim to be an apology for 
Alchemy.’* He “lays no claim to detailed research throughout the whole vast 
range of the literature of the subject.** but has “consalted the works of repre- 
sentative alchemists, especially of the earlier periods.” Throughout the book 
are numerous quotations from Zosimas, Psellus, Valentine, Paracelsus, van 
Helmont, and a dozen other alchemists; also from Plato, Dante, Chaucer, Addi- 
son, Ben Johnson, and the Book of Enoch. Indebtedness is acknowledged to 
Berthelot, Figuier, Pattison Muir, and Thorpe; Hoefer’s Histoire de la Chimie 
is quoted, but no mention is made of Kopp. 

The writer of this sympathetic account of a stage in the evolution of modern 
science is not a chemist by profession, but a clergyman, doctor of divinity, and 
sometime Bishop of Tasmania. A far country, Tasmania; very far, apparently, 
from Kentucky and even from Nebraska. W. Lash Miller 

The Physical Properties of Colloidal Solutions. By E, F. Burton. Second 
edition. 22 X 15 cm; pp. hiii 221 , New York and London: Longmans 
Green and Co., jg2J. Price: $ 4 . 2 $. — The first edition was reviewed six years 
ago (20, 643). In the preface to the second edition the author says that “the 
book has been thoroughly revised for this new edition. Certain parts, particularly 
the chapters on introduction to the subject and on the coagulation of colloids 
have been almost entirely rewritten in the light of recent work.” 

The author is definite in sa 3 dng, p, 183, that “in the light of the experi- 
mental results quoted above, the Schulze-Linder-Picton law cannot be upheld 
in its simple form to which Whethara’s explanation was applied. The coincidence, 
nevertheless, is remarkable enough to convince one that there is fundamentally 
some truth in the Whetham view.** One interesting thing is the section on the 
limitations of Perrin’s distribution law, p. 86, in which the author shows how the 
introduction of another term may reconcile Perrin’s theory with the facts. 

At other times he is unwilling to put his foot down hard. On p. 182, he 
discusses Loeb’s view on gelatine solutions as though it were a possible variant 
of other views “According to recent work by Loeb, the preceding point of view 
is entirely wrong, and he makes out a very good case for explanation of the phe- 
notnena resulting from the addition of neutral salts on the basis of classical chemi- 
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cal action. For e.xample, I^eb shows that gelatine in solution is in a critical state 
when the hydrogen ion concentration is a certain definite amount, viz. pH ~ 4 7, 
which he calls the isoelectric point. At this point the gelatine is non-ionized 
and does not show cataphoresis. 

"On the more acid side of this point, the gelatine forms a compound in 
which the gelatine fills the r61e of a positive (metal) radical in combination with 
such negatively charged radicals as chlorine or hydroxyl; when ionized the gela- 
tine ion is positively charged. On the more basic side of the isoelectric point, 
the gelatine acts the part of a negative (acid) radical in combination with such 
positively charged radicals as hydrogen or sodium, and, when ionized, the gelatine 
ion in this case is negatively charged. Loeb maintains that the whole action is 
in agreement with ordinary chemical reactions and that when a neutral salt is 
added to either of these solutions the gelatine units in solution react with only 
one ion of the neutral salt; on his view, it is useless to try to balance up adsorptive 
effects of anions and cations in a way attempted by the colloidal chemists 

"McBain classifies these protein solutions with soaps and dyes, such as 
Congo red, under a class which he has called colloidal electrolytes. These he 
defines as ‘salts in which one of the ions has been replaced by a heavily charged, 
heavily hydrated ionic micelle (particle) which exhibits equivalent conductivity 
which is not only comparable with that of a true ion but may even amount to 
several times that of the simple ions from which it has been derived. The ionic 
micelle is a typical but very highly charged colloidal particle of ver)»^ great con- 
ductivity. In a sense this is in line with Loeb^s ideas, if the latter^s protein 
ion is replaced by the ionic micelle suggested by McBain." 

The reviewer feels that this is inadequate. It should have been brought 
out clearly that there is no possible compromise, so far as we can now see, between 
Loeb and the colloid chemists Toeb has burned his bridges behind him and 
stands or falls on the explicit assumption that gelatine does go entirely into true 
solution. We have got to take up his challenge and there is nothing to be gained 
by pussy-footing. It would have been better if the author had stated clearly 
where he stands. Wilder D. Bancroft 

Patents and Chemical Research. By Harold E. Potts. 21 X 14 cm; 
pp. ix -f- igS. Liverpool: The University Press, iqji. Price S shillings, six 
In the preface the author says that "progress in industrial chemical research and 
invention is intimately dependent on the efficiency of the patent system. Patent 
law deals with such complex problems that a heavy responsibility is thus cast 
upon practitioners of the law. Therefore it is most desirable that chemists 
should familiarise themselves with the leading principles of patent law; first, to 
enable them to co-operate with the patent agent and thus contribute to the ob- 
ject of obtaining secure protection for their inventions, and, second, so that their 
criticism will stimulate patent agents to maintain the highest level of professional 
skill. In this way, better work will be done, and the greatest possible benefits 
will be derived from the patent sy.stem." 

The headings of the chapters are. patents as an element of business policy 
— the business problem; a .short general account of patent procedure; obtaining 
maximum protection for an invention — the theoretical problem; accuracy of 
experimental data and theory in patent specifications— the experimental prob- 
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lem; validity of patents — the historical problem; the definition of an invention — 
the problem of language; patents in other countries. 

The book is written in an interesting way and is well worth reading. What 
the author has to say on the subject of ownership of patents, p. 49, is worth quot- 
ing. ‘'There has been much discussion as to whether patents should belong to 
the employer or the employee. In this connection it may be useful to draw a 
broad distinction between the invention made by a routine worker, which is 
outside the ordinary range of his duties, and should be substantially remun- 
erated, and the invention made by the research worker, who is definitely employed 
to make improvements or inventions. If the remuneration of the research worker 
is to be contingent on the patents taken out in his name, there may be a tendency 
for work to be concentrated on the immediately profitable problems rather than 
on the fundamental research which may be all-important for future development. 
Further, team-work will not be helped if there is a feeling of secretiveness arising 
from each worker trying to monopolise his own ideas. There is much to be said, 
therefore, for the policy of paying the research worker adequately without ref- 
erence to the patents resulting from his work, which would then become the 
property of the employer. It must be remembered that the lucrative patents 
must carry the overhead expense of the whole of the research work, all of which 
will not be financially successful.** 

“Possibly the main advantage of the patent system to the research worker 
is not the immediate cash remuneration per patent, but the fact that the exis- 
tence of a series of patents earmarks his contributions to the knowledge of the 
firm, and increases his standing both with the firm and with the public. The 
financial part of the reward is probably best given in the form of increases of 
salary and status, which will naturally follow the appearance of important pat- 
ents.’* Wilder D, Bancroft 

Tables of Physical and Chemical Constants. By C. W. C. Kaye and 
T. H. Laby. Fourth edition. 25 X 17 cm; pp. 161. New York and London: 
Longmans, Green and Co., ig2i . Price: $4.00. — The first edition appeared in 1911 . 
In this latest edition, matter relating to the figure of the earth, the absolute deter- 
mination of the acceleration of gravity, and more extended tables of the relative 
value of that constant have been added. “The chemical data have been recalcu- 
lated, using the international atomic weights. Some seven hundred additions 
and alterations in the physical constants of chemical compounds have been made. 
The published values of these constants have been critically examined, and what 
appear to be the more accurate values for the chemical compounds included in 
these pages have been used. Through the kind co-operation of Dr. Kzer Griffiths 
of the National Physical Laboratory, many of the heat tables have been revised 
and amplified. Among other additions and changes are tables of atomic numbers, 
spark-gap voltages. X-ray wave lengths and terrestrial magnetic constants. The 
effect has been slightly to increase the size of the book.” 

The data are grouped in the following subdivisions: general physics, as- 
tronomy, etc.; heat; sound; light; electricity; magnetism; rays, radioactivity and 
gaseous ionisation ; chemistry ; mathematical tables. From this it appears that the 
strictly chemical part is relatively small, about one eighth of the whole. The 
chemical tables include: formula weight, density, melting-point, and boiling- 
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point, for a number of inorganic and organic substances, arranged alphabetically; 
two pages of data in regard to solubilities; the density and hardness of some miner- 
als; and factors for gravimetric analysis. 

This is not really a fair statement of the case because elsewhere are given: 
data for electrical conductance, migration velocities, etc.; data for latent heats, 
heats of combustion, etc.; data for melting-points and boiling-points of the ele- 
ments, data for surface tensions and compressibilities; data for densities of solu- 
tions, etc. There is very little in the book that the chemist will not want to refer 
to at some time or other Wilder D. Bancroft 

Colorimetric Analysis. By F D. Snell. 20 X 14 cm; pp. xiti -f 150. 
New York: D. Van Noslrand Company, igzz. Price: $ 2 . 00 . — The book is, in 
essence, an attempt to combine, for ready reference, all the colorimetric tests 
which experience has shown to be at all practical. The chapters are entitled: 
conditions of u.se of colorimetric methods ; apparatus used and methods of using it ; 
figuring of results , determination of iron; determination of copper; carbon in steel; 
lead, bismuth and arsenic; aluminum and chromium; nickel, cobalt, manganese 
and zinc; potassium and magnesium; gold, titanium, vanadium, and tungsten* 
fluorine, chlorine and perchlorates; nitric and nitrous acids, and ammonia; phos- 
phorus, silica and boron ; oxygen and hydrogen peroxide; sulphur, hydrogen sulphide 
and selenious acid; salicylic acid and cyanides; color of water, oils and dyes; 
nephelometry. 

On p. 3 the author says: '‘Colorimetric tests may be classified into two 
classes according to the reason for their use. Some find their popularity l>ecause 
they are fast, and the accuracy of the test is sacrificed for speed in obtaining the 
final result. The second class finds use because they furnish a method of deter- 
mination of small amounts of substances with greater accuracy than is possible by 
gravimetric or volumetric methods. The first class may all be made in a short 
time but it may often happen that the method of preparation of the second class of 
tests may take hours to insure the accuracy desired.” 

On p. 145 the author .says that “the use of the colorimeter for determination 
of the strength of solutions of dyestuffs is very limited in extent, inasmuch as it is 
not reasonably accurate in practice in a majority of aases. It is however useful as 
a method of preliminary classification and may then be follwed by the longer 
and more accurate test necessary after this preliminary has given a clue to the 
concentration to be expected.” 

The reviewer is not competent to speak as to the accuracy of the details; 
hut the author has certainly written an interesting book and it is the kind of book 
that we want. Wilder D. Bancroft 

Handbuch der Mineralchemie. By C. Doelter. Vol. II. Part 3. 
26 X ig cm; pp. 161 - 320 . Drei^den and Leipzig: Theodor Steinkopff, ig 20 . 
Price: $ 1 . 00 . — If one treats desmin with ammonium chloride solution, the inter- 
change of cations can be represented fairly satisfactorily by an exponential formula, 
p. 169. The data for the dehydration and hydration of heulandite are quite 
conclusive that no definite hydrates occur over the range studied, p. 183, and 
Weigel comes to the very proper conclu.sion, p. 184, that the water in the zeolites 
is present as a solid solution, though either he or Doelter rather obscures matters 
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by saying that “it cannot be told whether the water in this solution reacts with 
the solvent forming a dose compound with the silicate, or whether the molecule 
takes its place in the space lattice after decomposing into atoms or ions/' 

For good and suffident reasons the Geophysical Laboratory dedded thalt 
sodium anorthite was not a satisfactory name for the triclinic form of Na 8 Al 2 Si 20 i 
which they had made synthetically and they therefore called it camegieite. 
Apparently everybody agreed that sodium anorthite was an unsatisfactory name 
and apparently nobody objected to the reference to Mr. Carnegie and yet a pro- 
test was made that it was outrageous for the Geophysical Laboratory to give what 
should have been the name of a mineral to a compound which had been made in 
the laboratory and which probably did not occur in nature, p. 291. It probably 
never would have occurred to a chemist that such a thing would stir a miner- 
alogist to wrath. 

Most of this number is taken up with analyses of minerals, data which are 
doubtless of great importance to those working in this field; but which are not 
especially interesting to the casual reader. Wilder D. Bancroft 



MORDANTS. II 


BY WILDER D. BANCROFT 
ALUMINA 

Hydrolysis of Aluminum Salts 

Over a century ago, Gay-Lussac^ found that if one heats 
a solution of aluminum acetate, it soon becomes turbid and a 
large amount of alumina precipitates. If the solution is 
allowed to cool, the precipitate dissolves slowly and becomes 
transparent. On the reheating and recooling these changes re- 
peat themselves and this can be kept up indefinitely. With 
a dilute solution of aluminum acetate the turbidity begins at 
about 50° and a precipitate forms at a little higher tempera- 
ture. The precipitate must change gradually because it 
dissolves more slowly, when the solution is cooled, the longer 
the heating has lasted. With a more concentrated solution of 
aluminum acetate the temperature must be raised somewhat 
higher before turbidity occurs; but this solution also clears up 
when cooled. 

“To determine the amount of alumina precipitated from 
an acetate solution by heating and the variation with the 
temperature, there were taken two equal portions of aluminum 
acetate made by mixing in the cold two solutions of alum and 
of lead acetate. One of these portions was raised to the boil- 
ing-point and filtered at once, while the other portion was pre- 
cipitated by ammonia. The two precipitates were washed and 
dried ; after which it appeared that the first weighed about half 
as much as the second. 

“These observations may be very important for the makers 
of dyed fabrics for they use the hot solutions of alum and lead 
acetate in order to get as concentrated solutions of the mordant 
as possible. A great deal of alumina must precipitate, and the 
loss will be considerable if the solution is filtered at once. To 

' Annales de Chimie, 74, 193 (1810). 
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avoid this it is necessary to let the solution cool completely 
before filtering or decanting off the mother liquor, and it is 
also necessary to stir vigorously so as to be certain that all the 
alumina redissolves. Unless these precautions are taken, the 
aluminum acetate will be very acid, which is probably the 
reason for usually adding chalk. It is nevertheless easy to 
prevent the precipitation of alumina when an aluminum acetate 
solution is heated, by adding alum. As is well knowm, alum 
dissolves alumina and therefore keeps the solution of aluminum 
acetate from becoming turbid. A large excess of acid will 
accomplish the same result.” 

“The precipitation of alumina on boiling and the redissolv- 
ing at a lower temperature are facts which are of interest to 
the general theory of chemistry and which are rather excep- 
tional. If the precipitation were due to volatilization of the 
acetic acid, the alumina would not redissolve when the tem- 
perature is lowered. As a matter of fact similar changes can 
be observed in a strongly acid solution or in hermetically sealed 
flasks. Since the precipitation does not depend on the vola- 
tilization of the acid, it is evident that it is due to the heat which 
wrenches apart the molecules of acid and alumina, carrying 
each out of the sphere of action of the other, and causing their 
separation. With less heat the same molecules come within 
each other’s sphere of activity and combine.” 

Gay-Lussac is practically saying in other words what we 
now designate as reversible hydrolysis. In 1854 Crum' pre- 
pared colloidal alumina from a weaker and more basic solu- 
tion than that used by Gay-Lussac. “By the continued action 
of heat on a weak solution of binacetate of alumina, AUOj- 
(CH 3 C 02 ) 4 ( 0 H) 2 , a permanent separation of the con- 
stituents of the salt takes place, although no acid escapes 
and no alumina is precipitated. The properties of the 
alumina are at the same time materially changed. A solution 
of binacetate of alumina diluted so as to contain not more 
than one part of alumina in two hundred of water, was 


> Jour. Chem. Soc., 6, 226 (1854). 
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placed in a closed vessel which was immersed to the neck 
in boiling water, and kept in that state day and night for 
ten days. It had then nearly lost the astringent taste of alum, 
and acquired the taste of acetic acid. Being afterwards boiled 
in an open capsule, acetic acid was freely given off, and when 
the boiling had continued about five hours (the loss of water 
being continually restored), the liquid was found to have re- 
tained not more than one-eleventh of its original quantity of 
acetic acid, or about one equivalent to five and a half of 
alumina.” 

The theory of this is very simple. Water will’ hydrolyze 
any salt until the product of the concentrations of the hydrogen 
and hydroxyl ions reaches a value of about If either 

base or acid is very sparingly soluble, the hydrolysis will run 
farther than if both are strong electrolytes. Equilibrium will 
be reached much more rapidly if the solution is heated. 
Whether the insoluble base precipitates or remains in colloidal 
solution will depend on the conditions of the experiment. That 
hydrolysis has taken place can be shown in a number of different 
ways. Gay-Lussac deduced it from seeing the precipitated 
alumina and Crum from the change in the taste of the solution. 
One could measure the change in acidity in other ways than 
by the sense of taste. Debray ‘ showed that if a dilute solu- 
tion of ferric chloride is heated to 70 ° it no longer reacts with 
potassium ferrocyanide to form Prussian blue. The reason for 
this is that there is no more ferric salt in solution, it having been 
converted completely into colloidal ferric oxide. Colloidal 
ferric oxide is not blackened by hydrogen sulphide. On the 
other hand it is precipitated from apparent solution either by 
sodium sulphate or by sulphuric acid, a behavior which is dis- 
tinctly not characteristic of ferric chloride. Wiedemann® has 
used the magnetic properties as a means of following the hy- 
drolysis, because the atomic magnetism of the iron in colloidal 
ferric oxide is only one-fifth that of the iron in a strongly acid 

' Comptes rendus, 68, 913 (1869). 

> Pogg. Ann., 135 , 218 (1868); Wied. Ann., 3 , 45 (1878). 
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solution of ferric chloride. Colloidal solutions of the hydrous 
oxides can be obtained by hydrolysis of the acetates, nitrates, 
or chlorides; but not in general by hydrolysis of sulphates, 
because sulphuric acid precipitates the colloidal solutions more 
readily than does hydrochloric, nitric, or acetic acid. 

In 1883 Liechti and Suida published some work on the hy- 
drolysis of solutions of aluminum salts. Their original paper 
is not in the John Crerar Library, the Library of Congress, 
or the Library of the Franklin Institute. I have therefore 
made use of the lengthy abstract by J. J. Hummel.’ With 
aluminum sulphate (A1(S04)3.18H20, 200 g per liter) there 
was no visible hydrolysis on heating or on diluting. With 
Al2(S04)2(0H)2 made from 200 g Al2(S04)3.18H20 -h 31.82 g 
Na2C03 per liter, there was no visible change on heating; 
but a precipitate formed when the solution was diluted four- 
teenfold. With a solution three-quarters as concentrated, 
there was no visible change on heating, but dissociation took 
place on diluting tenfold. Since three-fourths of fourteen is 
ten and a half, this shows the error in determining the beginning 
of visible hydrolysis. With Ah (804)3 (OH)6, made from 200 
g Al2(S04)3.18H20 45.7 g NaHCO;i per liter a jelly was 

formed on heating and a precipitate remained on cooling. 
Diluting to one-half caused a precipitate to appear in the cold. 
With Al2(S04) (0H)4, made from 300 g Al2(vS04)3.18H20-|- 151.3 g 
NaHCOs per liter, the solution kept only a short time. The 
general results are that hydrolysis takes place more readily 
on heating and on diluting, the more basic the solutions. The 
statement is made that sodium sulphate accelerates the disso- 
ciation. If this is true, it must be because the sodium sul- 
phate decreases the hydrogen ion concentration by reacting with 
the sulphuric acid to form acid sodium sulphate. Since 
sodium sulphate coagulates colloidal alumina, it may be that 
it has practically no effect on the hydrolysis; but causes the 
precipitate to become visible sooner. In other places Liechti 


Jour. Soc. Chetn. Ind., 2, 537 (1883). 
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and Schwitzer' say that they have proved that sodium sul- 
phate retards the decomposition. There must be a misprint 
somewhere. A retarding of the decomposition would be 
more in line with the observation by Schmid- that sodium 
sulphate retards the precipitation of alumina by sodium carbon- 
ate. 

With what they call a sulpho-acetate, Al2(vS04)(CH;iC0>)4, 
made from 200 g Alo( 804)3. ISH.2O + 227.0 g Pb(CH.3CO..)2 per 
liter, a precipitate formedonheatingto90°anda jelly on heat- 
ing to 1 00°. The solution cleared up on cooling. There was no 
precipitate on diluting sixtyfold. On adding sodium bicar- 
bonate to this so-called sulpho-acetate, Liechti and Suida ob- 
tained solutions of what they called basic sulpho-acetates, 
from Al2(vS04) (CH3CO..)3(OH) down to A1,(S04) (CH3CO2) (OH),. 
There is no real reason for assigning these formulas to 
these solutions. In the first place there is no obvious reason 
why the sodium bicarbonate shoiild take acetate rather than 
sulphate out of the aluminum salt. It would be distinctly 
more reasonable to consider the basic compounds as varying 
from Al4(S04)(CH3C0..)4(0H).> to Al2(CH.,CO,)3(OH).3. Prob- 
ably the reason for not doing this was that these solutions 
did not behave like basic acetate solutions obtained by adding 
sodium bicarbonate to aluminum acetate; but that does not 
prove an3d;hing because these latter solutions do not contain 
sodium sulphate. In the second place there is no reason to sup- 
pose that Liechti and Suida ever had a sulpho-acetate solution. 
The so-called sulpho-acetate solution was undoubtedly merely 
a mixture of V» Al2(S04)3 and -/a Al2(CH3C02)6. Similarly 
there is no satisfactory evidence of the existence of any of the 
alleged basic compounds. They may perfectly well have been 
aluminum sulphate or aluminum acetate or a varying mixture 
of both with peptized alumina. Liechti and Suida undoubtedly 
thought they were dealing with true basic salts because of 

* Mitt, techn. Gewerbe-Museums in Wien, Sektion fiir Farberei, 3, 59, 
60 (1886). 

» Jour. Soc. Chem. Ind., 14 , 654 (1895). 
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their getting an apparent solution; but it is quite evident even 
from the abstract that they know nothing about colloidal 
solutions. The formulas which are written therefore indicate 
the relative amounts of sodium bicarbonate which have 
been added to the original solution and nothing more than that. 
This point seems to have been overlooked by all the people 
who have discussed this work. 

The so-called basic sulpho-acetates all formed jellies on 
heating and all formed precipitates on dilution, the tempera- 
ture at which the first turbidity occurred being lower the more 
basic the solution. Less water had to be added to cause pre- 
cipitation as the solution became more basic. With straight 
aluminum acetate, made from 2 () 0 g Al 2 (S 04 ) 3 . 18 H 20 -f 341.4 g 
Pb(CH3C02)2 per liter, there was no turbidity on heating and 
no precipitation on cooling. This result does not contradict 
that of Gay-Lussac because he was working with a more di- 
lute solution. All the so-called basic aluminum acetates 
formed precipitates or jellies on heating which did not dissolve 
when the solutions were cooled. The one with the alleged 
formula Al2(CH302)4(pH)2 precipitated on dilution; but the 
more basic ones did not. This may only be a question of a 
time factor. If not, sodium acetate must peptize alumina 
strongly. 

By adding sodium carbonate to aluminum chloride, 
solutions were obtained having the analytical compositions, 
Al2Cl6(OH), Al 2 Cl 4 (OH) 2 , AUCUCOH),, Al2Cl2(OH)4. None 
of these solutions become turbid either on heating or on di- 
luting. Liechti and Suida were not able, however, to make 
these alleged solutions synthetically. ‘ The solubility of alumi- 
num hydrate in aluminum chloride was tested, and the fol- 
lowing remarkable results weie obtained. To a solution of 
ALCh a quantity of aluminum hydrate was added sufficient 
to form the basic salt Al2Cl4(OH)2. The alumina dissolved 
only on heating and the solution remained clear on cooling. 
To this clear solution a fvulher quantity of al uminum hydrate 
was added sufficient to form the compound Al2Cl2(OH)4. It 
was, however, found that no more alumina could be made to 
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dissolve, the precipitate even increasing, and on filtering it was 
found that the solution contained equal molecules of normal 
AI2CI6 and of HCl. The nascent Al2Cl2(()H)4 had apparently 
decomposed according to the following formula; 

7 AhChfOH), + 2 H2() = 5 Al2(OH)« + 2 Al.Ch + IICl. 

In the same way it was proved that, on adding aluminum hy- 
drate to AI2 (804)3 solution sufficient to produce the basic 
compound Al4(S04)3(OH)f„ no alumina at all dissolved, the 
filtrate only containing Al2(S04)3. Here, too, we must sup- 
pose that the nascent basic compound decomposes as follows; 

Al4(vS(),),(On)c = AblOH), + Al 2 (S 04 ) 3 ” 

We know that hydrous ferric oxide, if present in excess, 
will remove from suspension all the chromic oxide ‘ peptized 
by caustic alkali; but nobody has studied the removal from 
suspension of a substance by an excess of itself, unless perhaps 
we have such a case in the Bayer process for the purification 
of alumina. Since Liechti and Suida were obsessed with the 
idea of basic compounds, they made no experiments to see 
whether addition of sodium chloride would cause more alumina 
to go into apparent solution. According to Schmid- sodium 
sulphate retards the precipitation of alumina. 

A whole series of so-called basic nitrate solutions were 
made up by adding sodium bicarbonate to aluminum nitrate 
solutions. None of these solutions became turbid either on 
heating or on dilution. The sum total of all these experiments 
is that basic aluminum acetate solutions hydrolyze very 
readily because the resulting acetic acid is a weak acid; 
that basic aluminum sulphate solutions become turbid 
because of the coagulating action of the sulphates, this more 
than counterbalancing the effect due to the strength of 
sulphuric acid ; and that basic aluminum chlorides and nitrates 
do not become markedly turbid because the acids are strong 
ones having low coagulating powers. 

Although Liechti and Suida got no cloudiness with their 

• Nagel: Jour. Phys. Chem., 19, 331 (1916). 

* Jour. Soc. Chem. Ind., 14, 654 (1896). 
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aluminum sulphate solution on heating, that may have been 
a question of concentration or of time for Naumann’ reports 
that “when a solution of potash alum is heated to the boiling 
point of water, a white precipitate is formed, which, after 
washing with water, is an amorphous powder, with an admix- 
ture of glittering laminae, and dissolves with difficulty in 
strong hydrochloric acid, but easily in potash. The precipi- 
tate contains 31.2-32.6 percent of alumina, about 11 percent 
of potash, 30-40 percent of sulphuric acid, and water; and is 
therefore a more or less basic compound of alumina, potash, and 
sulphuric acid, with water. It was found that with pure alum 
solutions the decomposition was most rapid at first, gradually 
becoming less for equal intervals of time, so that a state of 
equilibrium in the liquid was reached only after a very long 
time. Dilution of the solutions favored decomposition. 
Free sulphuric acid, added to alum solutions, prevented the 
decomposition, partially or entirely, according to the amount 
added. Neutral potassium sulphate, on the contrary, expe- 
dited the decomposition.” 

There is a good deal of uncertainty as to what compounds 
are formed when salts of aluminum are boiled or are treated 
with soda. Cajar^ states that the action of soda on cold 
aluminum sulphate solution gives a white precipitate which 
covers well; whereas a more transparent precipitate is ob- 
tained when the soda is added to a hot sulphate solution. 
Underwood® states that alumina precipitated cold with sodium 
carbonate contains basic sulphate and dries soft and powdery; 
but that it dries homy when precipitated hot. Jennison^ 
says that the hydrate of aluminum, Al 2 (OH)o, “is produced 
when caustic soda or potash, ammonium hydrate or carbonated 
alkalies is added to a solution of an aluminum salt; it is sol- 
uble in caustic alkalies, and therefore is usually obtained by 


* Ber. deutsch chem. Gcs., 8, 1639 (1875) ; Jour. Chein. Soc., 29, 682 (1876). 

* Zeit. angew. Chem., 27, 793 (1911). 

^ Underwood and Sullivan: “Printing Inks/* 81 (191.5). 

* “The Manufacture of Lake Pigments from Artificial Colours/* 51 (1900). 
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means of the carbonates. When produced from cold, dilute 
solutions, it is of a transparent, gelatinous nature; but, on 
heating, becomes opaque and more contracted in bulk. 
With carbonated alkalies it is much denser and is very lumpy, 
owing to the reaction being incomplete. Aluminum hydrate 
when dried, forms a hard, white, horny substance, which has 
the composition of Al2(OH)e. and only on ignition is the whole 
of the water driven off, leaving AI2O3.” 

According to Knecht, Rawson and Loewenthal^ a crystal- 
lized basic sulphate, Al2(S04)2(OH)2, has been placed on the 
market by Messrs. Peter Spence and Co., Ltd. Schlumberger" 
claims that there is one basic sulphate of aluminum. On add- 
ing 4.5 mols of caustic potash to a solution containing one mol 
of aluminum sulphate, the supernatant liquid was still dis- 
tinctly acid. On adding 5 mols KOH the solution was neu- 
tral and contained no aluminum salt. On adding 6 mols KOH 
the supernatant liquid was alkaline and contained some 
alumina, presumably as potassium aluminate. The precipitate 
must therefore analyze for (Al203)2S0,ia;H20 where x is not 
less than six. Actually it came out seven, so Schlumberger 
writes the formula of the basic salt (Al206H6)2.H2S04. Of 
course, it will be noticed that he analyzed a precipitate ob- 
tained only under one set of conditions. While it may be that 
he was dealing with a definite compound, there is nothing in 
his experiments to prove it. He should have analyzed the 
precipitate after adding three or four mols of caustic potash 
and have shown that it had exactly this same composition. 
Then his results could have been accepted as proving some- 
thing. This is the more necessary because many basic 
aluminum sulphates are to be found in the books.® Bottinger 
contributes a new one of his own by evaporating repeatedly 
to dryness a mixture of aluminum sulphate and sodium chlo- 
ride at 130 °- 14 ()°. This one analyzes for Al2O3.SO3.6H2O or 

' Manual of Dyeing,’* 225 (1910). 

2 Bull. Soc. chim. Paris, [.‘1] 13 , 41 (1895). 

3 Bottinger: Liebig’s Ann,, 244 , 224 (1888), 
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Al206H(i.H2S04.2H20 if we adopt Schlumberger’s way of writing 
the formula. 

Adsorption of Aluminum Sulphate by Wool 

Since the different salts of aluminum hydrolyze of them- 
selves imder suitable conditions, they should hydrolyze even 
more readily in presence of a textile fiber which adsorbs the 
alumina and they do as a matter of fact. In so far as the acid 
radical is also adsorbed, there may be minor complications and 
the matter may seem less simple than it really is. 

When wool is treated with aluminum sulphate, Al2(S04)3.- 
I8H2O, less than about five percent on the wool, the bath is 
exhausted completely, all the alumina and all the sulphuric 
acid being taken up.^ With higher concentrations, more and 
more aluminum sulphate is left in the bath. There has been 
some discussion whether the wool takes up aluminum sulphate 
or alumina and sulphuric acid in the cases when the bath is 
exhausted completely. When wool mordanted in this way 
is boiled with water, the wash water is always acid, sul- 
phuric acid being removed slowly and alumina left behind. 
This has been considered by von Georgicvics- as a proof that 
the sulphuric acid is free. While this may be true, it does not 
follow, because the adsorbed aluminum sulphate might be hy- 
drolyzing. It is much wiser to admit frankly that we have 
no way at present of deciding this point. In case the acid is 
not combined in definite proportions, the next problem is 
whether it is adsorbed by the alumina, by the wool, or by 
the two in some unspecified ratio. 

Ganswindt* gives some data by Fiirstenhagen and Apple- 
yard^ on the mordanting of wool by potash alum, which are re- 
produced and extended in Table I. 

* Liechti and Schwitzer: Mitt, techn. Gewerbe-Museuns in Wien, Sektion 
fiir Farberei, 3, 47 (1886). 

2 Chem. Centralblatt, 1895, 402; Binz and Rung: Zeit. angew. Chem., 
1908, 628. 

® “Theorie und Praxis der modernen Farberei,'' II, 83 (1902). 

* Jour. Soc. Dyers and Colourists, 1888, 105. 
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Table I 


25.4% sulphuric acid in pota-sh alum. 


Potash alum 
referred to wool 

Concentration 

percent 

Sulphuric acid referred 
to potash alum 

Sulphuric acid referred 
to wool 

Wool 

percent 

Solution 

percent 

Wool 

percent 

Solution 

percent 

5 

25.4 

0.0 

1.27 

0.0 

10 

22.1 

3.3 

2.21 

0.3 

15 

14. G 

10.8 

2.19 

l.G 

20 

11.0 

14.4 

2.20 

2.9 


In the first column are the amounts of potash alum referred to 
the weight of wool. In the second and third columns are the per- 
centages of sulphuric acid in the total amount of alum in the 
wool and the bath respectively. At 5% alum all the sulphate 
is taken up, but with higher concentrations of alum more of the 
sulphuric acid stays in the bath. Since determinations on the 
alumina adsorption are not given, we cannot tell to what ex- 
tent alumina is adsorbed more than sulphuric acid. Since 
this method of presentation is not the usual one, I have added 
two columns to show the percentage of sulphuric acid refeired 
to wool, taken up by the wool and left in the bath respectively. 
If these figures are to be trusted, the amount of sulphate ad- 
sorbed by the wool is practically constant when the bath con- 
tains 10%-20% alum referred to the wool. It is probable that 
this is not strictly true. 

Knecht^ comments on these data as follows; “It is a 
prevalent opinion that when wool is boiled with aluminum 
sulphate, for instance, the salt is decomposed by the fibre in 
such a manner that aluminum hydrate and sulphuric acid are 
formed, of which the former is assimilated by the fibre, while 
the latter remains in solution. Others again assume that an 
insoluble basic sulphate of alumina is formed on or in the 
fibre. Quantitative determinations, carried out by Fiirsten- 
hagen and Appleyard, show that when wool is boiled with a so- 
lution of alum no free acid remains in solution when the 

' Knecht, Rawson and Loewenthal: “A Manual of Dyeing,’’ 58 (1910). 




512 


Wilder D. Bancroft 


amount of alum does not exceed five percent of the weight of 
the wool. When larger amounts are used, a basic sulphate of 
alumina is fixed on the fibre. Now it has always been shown 
that wool possesses a considerable affinity for both acids and 
bases, and, in its whole behavior it evidences the properties 
of an amido acid — that is a substance possessing simultan- 
eously basic and acid properties. This would explain in a sat- 
isfactory manner the fixation of both the acid and basic con- 
stituents of the alum, but in what form these are fixed still 
remains a matter of conjecture. It is not improbable that the 
phenomenon is due to actual chemical combination with the 
fibre or with certain constituents of the latter ; just as lead or 
mercury, when absorbed by the system, enters into chemical 
combination with the albuminoids in the various organs. 
That a hydrate is not formed is conclusively shown in mor- 
danting wool with copper salts. The fibre assumes a green 
color ; but copper oxide, when boiled, is at once dehydrated and 
transformed into black copper oxide. If copper hydrate had 
been formed, the fibre would be black whereas it is green, and 
remains so even after prolonged boiling.” 

It has already been shown that Fiirstenhagen and Apple- 
yard have not proved by quantitative determinations that a 
basic sulphate of alumina is fixed on the fibre. They have 
proved that both alumina and sulphuric acid are taken up by 
the fibre; but nothing more. Knecht seems to realize this 
unconciously because he himself admits that it remains a mat- 
ter of conjecture in what form the acid and basic constituents 
of the alum are fixed. That is true; but that is quite a dif- 
ferent thing from showing that a basic aluminum sulphate is 
fixed on the fibre. Knecht’s argument in regard to the copper 
hydrate is fallacious because hydrous copper oxide does not 
necessarily turn black when heated to 100°. Tommasi’ 
showed that when a little hydrous manganous oxide is precipi- 
tated with the hydrous copper oxide, the latter does not turn 

' Bull. Soc. chim. Paris, |21 37 , 197 (1882); Comptes rendus, 99 , 37 

(1884). 
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black when boiled. Blucher and Farnau^ found that a similar 
stabilization of the blue color could be obtained by adding 
hydrous oxides of nickel, cobalt, aluminum, chromium, and 
magnesium. With zinc there was some stabilization but prac- 
tically none with mercury. If the blue color is due to the state 
of subdivision of the copper oxide, anything which will pre- 
vent it from agglomerating will keep it blue. Schenck^ 
has shown that a mixture of the oxides of copper and alumina 
containing about five percent copper oxide can be heated in a 
blast lamp without turning black. Owing to the lower copper 
content the color is a light grayish blue. With ten percent 
copper oxide, the blue color was deeper and withstood heat- 
ing in a Bunsen burner but showed signs of turning black 
when heated in the blast lamp. During the winter of 1920-21 
Mr. R. K. Parsell repeated Mr. Schenck’s experiments and, 
after heating, dissolved out as much alumina with caustic 
soda as he could without getting any blackening. In this way 
he was able to get a powder which was a beautiful deep blue 
and which contained approximately seventy-five percent cupric 
oxide and twenty-five percent alumina. If one insisted on 
writing a formula for this, it would be approximately (CuO )4 
AloOs which is rather absurd. There are not only no indica- 
tions of a definite chemical compound; but, after standing 
for a year the powder has changed from blue to green. We 
do not know whether it will go black in time or not. 

According to Havrez'^ and to von Georgievics^ the amount 
of sulphuric acid taken up by ool from an aluminum sulphate 
or an alum bath increases relatively to the wool at high con- 
centrations until at twenty-four percent alum referred to the 
wool, the alumina and the sulphuric acid are taken up in the 
same relative amounts as they occur in aluminum sulphate. 

^ Jour. Phys. Chem., 18 , 029 (1934). 

2 Ibid., 23 , 283 (1917). 

^ Chem. Centralbl., 1874 , 696; Cf, Liechti and Hummel. Jour. Soc. Chem. 
Ind., 13 , 226. 

* Jour. Soc. Chem. Ind., 14 , 65^1 (1895). 
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At higher temperatures, relatively more sulphuric acid is 
taken up. I have never seen the original data and the ab- 
stracts are confusing and to some extent contradictory. Hav- 
rez* claims that with high alum concentration, the peptizing 
action of the alum on the alumina is so great that less alum is 
taken up than at lower concentrations. If this is true, the 
amount of alumina adsorbed passes through a maximtun. 
On the other hand he apparently based his conclusion on the 
fact that wool mordanted in concentrated alum solutions did 
not dye to so deep a shade and this may be an effect of the 
sulphate taken up. Liechti and Hummel, however, “dis- 
agree with his assertion that an excess of alum acts like an 
acid which dissolves the alumina.’’ Dreaper- who gets 
Havrez’s name wrong, says that “Harvey pointed out in 1872 
that in the case of very concentrated solutions of alum, more 
sulphvuic acid than alumina is absorbed. This has been re- 
cently confirmed by von Georgievics. It appears that with a 
24 percent solution of alum [referred to wool], and a propor- 
tion of water fibre of 30 : 1 alumina and sulphuric acid are taken 
up in their normal proportions. The affinity of wool for acid is 
stronger in dilute solutions and stronger for the alumina in 
strong solutions. The relative curves cross each other at 
24 percent.” There must be a misprint in the next to last 
sentence of this quotation, the words acid and alumina be- 
ing transposed. 

Havrez* states, and Liechti and Hummel confirm him 
that addition of acid (presumably sulphuric acid)^ is bene- 
ficial with such low concentrations of alum as one percent on the 
wool. Since all the alumina is taken up at these concentra- 
tions, the object of adding the acid cannot be to increase the 
adsorption. The statement is made that with low concen- 
trations of alum the bath becomes alkaline, in which case the 

‘ Jour. Chem. Soc., 26, 206 (1873) 

* "The Chemistry and Physics of Dyeing,” 62 (1906). 

> Jour. Soc. Chem. Ind., 13, 226 (1894). 

* Cf. Knecht, Rawson and Loewenthal ; "A Manual of Dyeing,” 237(1910). 
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acid is added to counteract this. It is not clear whether the 
alkalinity is due to lime in the wool reacting with sulphuric acid, 
to ammonia going out from the wool, or to a partial adsorption 
of sulphuric acid from the potassium sulphate of the alum. 
This last hypothesis could be tested by running similar ex- 
periments with aluminum sulphate. Liechti and Suida' 
state that alum is not quite as good a mordant as aluminum 
sulphate, though the difference is not marked. This may 
seem to contradict their alleged previous statement that sod- 
ium sulphate increases the hydrolysis of aluminum sulphate 
on boiling; but the contradiction disappears if we postulate, 
which seems reasonable, that the sodium sulphate, though in- 
creasing the hydrolysis of the aluminum sulphate, also increases 
the relative amount of sulphuric acid taken up by the wool. 
The first would be beneficial and the second harmful and we 
do not know to what extent the two balance, or even whether 
this is the true explanation. 

One objection to alum or aluminum sulphate as a mordant 
is that the sulphate coagulates the hydrolyzed salt so readily 
that very perceptible amounts of alumina or of basic salt are 
precipitated in the bath or on the wool in such a form that it 
rubs off. It seems as though this could be got round by heat- 
ing the solutions more slowly. A simpler method of getting 
round this difficulty is to use aluminum salts of organic acids, 
which hydrolyze more readily than the sulphate because the 
acids are weaker, and yet wh|ch keep the colloidal alumina 
peptized in a finer form. 

Adsorption of Aluminum Tartrate, etc., by Wool 

This was done more than a century ago by adding tartar 
(acid potassium tartrate) to a solution of alum.- “To impreg- 
nate wool or woolen cloth with the aluminous basis, it is 
commonly boiled in water, with from one-fourth to one-sixth of 
its weight of alum, and from one-twelfth to one-sixteenth'of its 

‘ Jour. Soc. Chem. Ind., 5, 526 (1886). 

* Bancroft; "Philosophy of Permanent Colours,” 1, 384 (1813). 
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weight of crude tartar, putting the latter first into the water, 
and, afterwards, the powdered alum : the heat of the water 
being gradually raised, is kept at the boiling point for an hour 
and a half, or two hours, during which the cloth is turned 
through the boiling liquor on a winch, that the mordant may 
be equally applied; and being afterwards taken out and 
drained, it is commonly left until the next day, and then 
rinsed in clean water, for dyeing. In the early collection of 
recipes, printed in 1605, and already mentioned, sour bran 
liquor is commonly directed to be employed in this way with 
alum; and it seems to have answered the purpose of tartar, 
which, when it came to be generally used in this way with 
alum; was supposed by the older dyers to do good by soft- 
ening and correcting the acrimony of the latter: probably, 
however, the purposes which it answers, are not yet clearly as- 
certained; one of them seems to be, that of increasing the 
solubility of alum, and enabling it more completely and inti- 
mately to penetrate the fibres of the wool, with which it more- 
over enters into a permanent union, and thereby contributes 
efficaciously to modify, vary, and in some cases to brighten 
the colours with which it is employed, as will be seen hereafter.” 

Liechti and Suida' have studied the behavior of aluminum 
tartrate. Starting with an amount equivalent to eight per- 
cent aluminum sulphate, Al2(S04)3.18 H^O, referred to the wool, 
the whole of the alumina was fixed firmly on the wool. On 
treating the wool with hot water, the wash water became 
acid, showing that some tartaric acid was also taken up. The 
normal tartrate can be replaced without detriment by a mix- 
ture of one molecular weight of aluminum sulphate with 1. 5-3.0 
molecular weights of cream of tartar. If the normal tartrate 
is prepared by double decomposition, using the normal po- 
tassium sodium tartrate (Rochelle or Seignette salt) accord- 
ing to the equation, 

2Al2(S04)3 -f 6KNaC4H40» = 2Al2(C4H406), -|- 3K2S04 -f 3Na2S04 

^ Mitt, techn. Gewerbe-Museums in Wien, Sektion fur Fiirberei, 3, 48 
(1886); Jour. Soc. Chem. Ind., 4 , 526 (1886); Knecht, Rawson and Loewenthal : 
"A Manual of Dyeing/’ 237 (1910). 
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the results were not as good as those obtained with the pure 
tartrate or with alum and tartar, in which latter case the bath 
contains some acid potassium sulphate in addition to the alumi- 
num tartrate. “Since the general practical experience of 
dyers is that wool is better mordanted in an acid bath, it 
was thought possible, perchance, to replace the cream of tar- 
tar by an acid, sulphuric acid for instance. Experiment 
showed, however, that although a small addition of sulphuric 
acid ( 1 mol) increases slightly the amount of alumina absorbed 
by the fibre, it cannot replace the cream of tartar. Since the 
addition of a larger amount of sulphuric acid (3 mols) yields 
very unsatisfactory colors although it hinders the dissocia- 
tion of the mordant solution, it is evident that the beneficial ac- 
tion of the cream of tartar cannot be ascribed merely to its 
retarding the dissociation of the mordant.” The explanation 
undoubtedly is that the u.se of tartrate cuts down the degree of 
adsorption of the sulphuric acid. 

“An experiment was made accordingly with a view to 
determining whether the tartaric acid used along with alumi- 
num salts played the r61e of a carrier, so that it might be pos- 
sible to use any free acid along with only a small quantity of 
tartaric acid. The result obtained, however, proved that the 
tartaric acid plays no such intermediary part in mordanting 
wool with aluminum salts; on the contrary, a considerable 
amount of tartaric acid must be present (at least half the theo- 
retical amount necessary to form aluminum tartrate) in order 
to fix on the wool sufficient alumina to yield full, bright colours.” 

Knecht* evidently believes in starting with aluminum sul- 
phate. “The aluminum mordant par excellence for wool is 
aluminum sulphate, either alone or in conjunction with acids 
or acid salts. In some cases the sulphate is used without any 
additions. Most generally, however, a mixture of the sulphate 
with tartar or tartar substitutes is required to obtain full and 
brilliant colours which do not rub off. These tartar substi- 
tutes are mostly sodium bisulphate or oxalates, or they con- 

^ Knecht, Rawson and Loewenthal: Manual of Dyeing/' 238 (1910). 
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sist of tartar which has been prepared with sufficient sulphuric 
acid to convert all the potassium into potassium sulphate. 
From the foregoing it appears that none of these ‘substitutes’ 
can replace the tartar completely because the action of the lat- 
ter depends on the formation of aluminum tartrate by double 
decomposition. They have, of course, some effect, as has also 
sulphuric acid. For a full shade about 6 to 8 percent aluminum 
sulphate and 5 to 7 percent tartar (of the weight of the wool) 
are necessary. The quantity of tartar may be reduced to 
about half this amount, or it ma^ be partly or even wholly re- 
placed by sulphuric, hydrochloric, oxalic acid, bisulphate of 
sodium, etc., with very good, although not equally fine, re- 
sults. About 4 percent of sulphuric acid (of the weight of the 
wool) is used, if the amount of water does not exceed 50 to 
60 times the weight of the wool ; otherwise more acid must be 
applied. When sulphuric acid has been used in mordanting 
it is often beneficial to add about 5 percent sodium acetate to 
the ultimate dye-bath to neutralize the mineral acid which 
always remains in the wool fibre (and which otherwise would 
be converted into potassium sulphate if tartar had been em- 
ployed). The mordanting bath is prepared with the necessary 
quantities of aluminum sulphate and tartar for its substitutes), 
and the wool is entered at a low temperature. During one 
and a half hours the bath is heated gradually to boiling, and 
boiled for half an hour more. When the bath has cooled 
down, the wool is taken out and thoroughly washed in water; 
boiling out with water is beneficial. It has been shown that 
washing is absolutely necessary to remove all loosely adhering 
mordants and to prevent rubbing of the ultimate colour. 
The washing, moreover, removes some of the acid, which 
is absorbed by the wool, and would be injurious in 
dyeing.” 

I am inclined to believe that accurate experiments will 
show that the presence of sulphate in the mordanting bath is 
probably always detrimental. 

Aluminum oxalate behaves very much like aluminum tar- 
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trate but is not quite so good. According to Knecht’ aluminum 
acetate decomposes too readily to be used for wool; but this 
can hardly be the whole truth. The use of lactic acid instead 
of tartaric acid has also been suggested. 

Matthews-' has rather a hard time with the theory of 
mordants, chiefly because he copies with but slight changes from 
Ganswindt’s book published in 1903. “The mordanting of 
the animal fibres with metallic salts is probably for the most 
part a chemical process, the metallic salts or oxide forming a 
chemical compound with the substance of the fibre. It is 
usually considered in the case of mordanting wool, for instance, 
with metallic salts, that the metal is precipitated in the fibre as 
the oxide or hydroxide; in certain methods of printing, this 
may be the fact, but in the ordinary processes of mordanting 
wool for dyeing, it cannot be considered that the oxide of the 
metal is directly precipitated in the fibre. It is possible, for 
instance, to mordant the wool by boiling in a bath containing 
a solution of alum, squeezing, and then passing through a bath 
containing ammonia water; this would cause the precipitation 
of aluminum hydrate on and in the fibre as an insoluble body. 
As an actual fact, however, the mordanting is not done in this 
manner, but is carried out by boiling the wool with a solution 
of alum and tartar, which it cannot be presumed would lead 
to the precipitation of aluminum hydrate.” 

Even with Ganswindt to fall back on in silence, this para- 
graph is quite extraordinary; ^but the clue is to be found 
elsewhere. Matthews^ has evidently not understood any of the 
work of Liechti and Suida or of Knecht because he enters into 
an elaborate explanation that sodium chloride is dissociated 
electrolytically in water and thereby made more active, giv- 
ing this as a help in understanding the theory of Knecht, 
although Knecht^ himself speaks of hydrolytic dissociation, 

* Knecht, Rawson and I..oewenthal : “A Manual of Dyeing,” 237 (1910). 

* "Application of Dyestuffs,” 602 (1920). 

’ "Application of Dyestuffs,” 588 (1920). 

* Knecht, Rawson and Loewenthal: "A Manual of Dyeing,” 15 (1910). 
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and the case that Matthews is discussing is the decomposition 
of rosaniline hydrochloride into the free base and hydrochloric 
acid, which is not a case of electrolytic dissociation. 

Adsorption of Alumina by Silk 

Silk behaves towards alumina mordants very much as 
wool does, though less intensely. Knecht’ states that “in 
silk dyeing alum has not been replaced yet by aluminum .sul- 
phate- probably owing to the circumstance that slightly basic 
alum decomposes more readily than basic sulphate on account 

of the ammonium or potassium sulphate present 

Aluminum sulphate-acetate and nitrate-acetate are used in a 
similar way During the steeping process the silk ab- 

sorbs basic sulphates or basic sulphate-acetates or nitrate - 
acetates. By the subsequent treatment with water or silicate of 
soda or soap the basic salts are decomposed and aluminum hy- 
droxide is precipitated in the fibre.” Heermann^ claims to 
have proved that, with silk, the basic mordants of aluminum, 
chromium, iron, and tin are present as hydrous oxides and not 
as basic salts. Heermann"' has discussed the various theories 
of mordanting and mentions favorably what he calls the cata- 
lytic theory according to which the fibers bring about the hy- 
drolytic decomposition of the mordanting salts catalytically. 
It is easy enough to see what he has in mind, for the hydrolysis 
of the aluminum salts is increased by wool or silk; but this 
cannot properly be called catalytic because the fibre is not in 
the same condition after the process as before. It is mordanted. 

Heermann also advances a theory of his own which he 
calls the ionatic theory of mordanting. He considers mordant- 
ing “as the electrolytic precipitation of certain ion complexes 
in consequence of the preponderating electro-affinity of the 
fibres (as opposed to that of the cations of the mordant) and 

’ Knecht, Rawson and Ivoewenthal : ‘'A Manual of Dyeing,’* 2.38 (1910). 

• Both are used according to Ganswindt: **Theorie and Praxis der modernen 
Farberei,” II, 18 (1903). 

3 Chem. Centralblatt, 1P05, I, 128. 

^ Ibid., 1904, TI, 674. 
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in consequence of the [electrolytic?] dissociation of the mor- 
dant which is perhaps increased by the catalytic power of the 
fibres or of the cations of the mordant.” 

This can mean anything or nothing, so Heermann ex- 
plains his views in more detail. “There are fibres of greater 
and lesser electro-affinity' and mordants of greater and lesser 
electrolytic dissociation. The affinity of a mordant to a fibre 
reaches its maximum when the greatest dissociation of the 
mordant coincides with the greatest difference between the elec- 
tro-affinities of the fibre and of the ions of the mordant. The 
fibre, having the greater electro-affinity discharges succes- 
sively the ions or ion -complexes of the mordant, since these have 
a lesser electro-affinity. The ion-complexes of the mordant, 
when thus discharged deposit themselves, while in the nascent, 
state, uniformly on the fibre and are at first held there in a 
labile state along with the acid. Washing removes most of 
the acid of the mordanting salt and the resulting base is fixed 
fast to washing.” It is perhaps not surprising that no further 
use has been made of this theory even by the enthusiastic 
author. 

Adsorption of Alumina by Cotton 

Over a century ago it was pointed out- that “the attrac- 
tion between aluminous basis and the fibres of linen and cotton 
is much weaker than that which subsists between the same basis 
and the fibres of wool and silk.” The knowledge that alum 
cannot be used by itself to mordant cotton turns back to a very 
early period. Bancroft® states that “when a solution of alum 
is applied to calico which has received no impregnation, it will 
not easily be decomposed ; but, on the contrary, a great part 
of it will again crystallize, so soon as the water which held it in 
solution has evaporated ; and none but feeble colours can be 
raised upon such a basis. But when calico has been im- 
pregnated by such astringent and animal matters as are ob- 

^ [He is referring to Bodlander and Abegg’s theory of electro-affinity ] 

2 Bancroft: “Philosophy of Permanent Colours/' 2, 148 (1813). 

^ “Philosophy of Permanent Colours/* 1, 357; 2, 242 (1813). 
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tained from myrobalans and buffaloes’ milk, the alum will not 
only be decomposed, but the alumine will combine with the 
astringent and oily matters so obtained, and a basis will be 
laid for a colour almost as durable as the Turkey red.” 

“For the common madder red, linen or cotton, after being 
boiled in a weak lixivium of potash or soda, and well rinced 
and dried, is to be macerated in a decoction of powdered galls, 
employed after the rate of four ounces to every pound of linen 
or cotton to be dyed ; and being equally impregnated with the 
soluble matter of the galls and afterwards dried, the linen or 
cotton is to be alumed, by soaking it thoroughly in a saturated 
luke-warm solution of alum, employed also at the rate of four 
ounces to each pound of linen or cotton; after having pre- 
viously neutralized the excess of its acidity, by adding to the 
solution one ounce of soda for every pound of alum : this being 
done, and the linen or cotton moderately and equally wrung 
or pressed, it is to be well dried, and afterwards alumed a 
second time, dissolving for that purpose half as much alum as 
for the first aluming, and adding to it the residue of the former 
solution. After this second aluming, the linen or cotton is 
to be again well dried, and then rinsed, to remove any super- 
fluous part of the alum which may not have been united thereto. 
By substituting the acetate of alumine (formerly described) 
for the solution of alum, just mentioned, a more beneficial effect 
might be obtained; but it would be attended with a consid- 
erable increase of expense. 

“The use of galls, in this operation, will be readily con- 
ceived, by recurring to what I have mentioned, at p. 356 and 
357 of my first volume, concerning the effect of myrobalans, 
when employed by the Hindoos, in causing a more copious pre- 
cipitation, and a more intimate union of the earth of alum, in 
or with the calico which had previously imbibed their astrin- 
gent matter. That this is the only use of galls so employed, I 
presume, because I have found, by repeated trials, that when 
employed with madder in the dyeing operation, they add 
nothing to the durability of the colour. 
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“For every other purpose, except that of decomposing 
the alum, and increasing the precipitation of aluminc, and, 
perhaps, its closer union with the fibres of cotton, galls appear 
to do harm rather than good with madder, by diminishing the 
vivacity of its colour, and giving it a brownish tinge, without 
the smallest increase of its durability; on the contrary, I 
have observed, that when calico printed with acetate of alu- 
mine was divided, and one half dyed with madder only, and the 
other with madder and galls, the colour of the latter, besides a 
considerable degradation, was injured by being boiled with soap 
and also by being exposed to the weather sooner, and in a degree 
considerably greater, than the half which had been dyed with 
madder only.” 

Napier’ points out that “alum forms but a weak mordant 
for cotton goods, owing, probably, to the strong attraction 
which the sulphuric acid has for the alumina; there are three 
proportions of acid to every two of alumina. But if we neu- 
tralise a portion of the acid, so that no more remains than is 
necessary to hold the alumina in solution, which, according 
to experiment is not above a third of the acid contained in the 
common alum, its properties as a mordant are greatly im- 
proved. I'his may be done by taking a quantity of carbonate 
of soda in solution, and adding this gradually to the alum solu- 
tion, stirring all the time : the alumina is at first precipitated 
but by keeping up the agitation, the precipitate again dissolves : 
continue until all the precipitate is redissolved. In this 
state alum is a more powerful mordant for cotton, as the base 
is held more feebly by the sulphuric acid and is readily de- 
tached by the superior aflSnity of the cloth to form a mordant; 
and thus prepared, it is prefectly pure— -any iron formerly 
present is precipitated in the process. Alum in this state is 
known by the name of cubical or basic alum, from the form 
in which it crystallises. We have already referred to Roman 
alum being superior to other alums.” 


* “A Manual of Dyeing,^* 120 (1975). 
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Very recently Tingle* has claimed that alumina is not ad- 
sorbed by cellulose either from aluminum sulphate or basic 
aluminum sulphate solution. The first statement is not new 
and the second is probably not correct as a general one though 
it may be true for the particular experimental conditions. 
There is nothing to show that Tingle appreciated the necessity 
of having peptized alumina in his solution or that he did have it. 

Aluminum acetate is usually used for mordanting cotton 
both in dyeing and printing.® “The most common, and we 
believe the best method of using alumina as a mordant for 
cotton, is by substituting acetic acid for sulphuric acid in 
combination with it. The acetate of alumina has several ad- 
vantages over the sulphate; 1st, the acetic acid is not so hurt- 
ful in its action upon the vegetable colouring matters; 2nd, 
it holds the alumina with much less force than sulphuric acid, 
and consequently yields it much more freely to the cloth; 
and 3rd, being volatile, a great portion of the acid flies off dur- 
ing the process of drying. When strong colours are wanted, 
and the mordant is of such a nature as will admit of being dried, 
it is better to dry the cloth from the mordant previous to dye- 
ing. This last property of acetic acid is, therefore, very 
convenient, as it frees the cloth from any superfluous acid 
which may have been in the mordant; besides, it has been 
found that during the drying by heat, the soluble acetate is 
converted into a less soluble subacetate. We may here put 
the dyer in mind that when goods containing volatile acids 
are drying, no other kind of goods should be allowed to be in 
the same apartment, as the acid will be absorbed by them, and 
will affect almost any colour that either has been or may be 
put upon them. Many unpleasant and also expensive 
consequences occur from the neglect of these precautions.” 

Bancroft® gives an interesting account of the early use of 
aluminum acetate in calico printing. “By thus substituting 
the acetic for the sulphuric acid, in the aluminous mordant 

> Jour. Ind. Eng. Chem., 14, 198 (1922). 

2 Napier: ‘'A Manual of Dyeing,*' 121 (1875). 

* “Philosophy of Permanent Colours," 1, 365 (1813). 
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lately described, several considerable advantages are gained. 
The acetate of alumine being much more soluble in water than 
common alum, the liquor will contain a much larger proportion 
of alumine, than could be otherwise suspended in it; and 
with this advantage, moreover, that it will not be liable to 
form crystals in or upon the linens or cottons in drying, as 
would happen with a solution of common alum, the acetate 
of alumine being incapable of crystallization. I may add also, 
that the acid of vinegar being volatile, and having a much 
weaker attraction for its earthy basis than the sulphuric 
acid has, the former will be speedily separated and carried off, 
especially by the heat of the stoves employed for drying the 
pieces printed with it, and will leave behind the alumine which 
it has dissolved, and which, being no longer encumbered by 
any other attraction, will yield itself wholly to that, which 
subsists between it, and the fibres of linen or cotton, and will 
unite with them more copiously and firmly than it otherwise 
could do, and be thereby enabled more strongly to attract 
and fix the colouring matters in the dyeing vessel. This, 
however, will only prove true, so far as the sulphate of alumine 
has been really decomposed by the acetate of lead, or so far 
as the alumine has been combined with the acetic instead of 
the sulphuric acid. 

“As the practice of calico-printing has been but lately 
introduced into Europe, and as the acetic aluminous mordant 
does not appear to have been previously known in an)'^ other 
country, we might have expected that its discovery in this, 
would have been deemed a matter so important, as to have con- 
stituted an area in the history of the art; and, therefore, I 
was not a little surprised in finding that no writer had men- 
tioned, and that no calico-printer, of whom I have inquired, 
could inform me, at what time, or by whom, this mordant 
was first employed, as the basis of red and yellow colours in 
calico-printing. My wonder has, however, ceased on this 
subject, since I have inspected a considerable number of recipes 
for making the several mixtures employed as mordants, soon 
after the business of calico-printing began to be carried on with 
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some degree of success here, and in other parts of Europe. In 
one of these which seems to have been the earliest, alum, sal 
ammoniac, saltpetre, red orpiment, and kelp, were directed to be 
mixed with water. In another, which probably followed this, 
it was directed that these ingredients should be dissolved in 
vinegar. In a succeeding recipe, a little sugar of lead was di- 
rected to be employed, but in a quantity too small to be of 
any considerable use; I mean one ounce of it for every pound 
of alum. Afterwards, the calico-printers, without any system 
or reasonable motive, appear in different instances to have 
added verdigrise, arsenic, corrosive sublimate, blue vitriol, 
litharge, and white lead. By stumbling upon the two last 
(which alone were of any use), it happened, where vinegar had 
been also employed, as it commonly was in some shape, that 
after a variety of decompositions and recompositions, some por- 
tion of acetate of alumine was formed, the good effects of which 
were experienced, though without any true knowledge of the 
ways and means by which they have been produced. By 
degrees, however, the printers seem to have increased the 
quantity of sugar of lead, and several of them to have sus- 
pected that many of the other ingredients usually employed 
for making their mordants were useless. Some of them, 
therefore, began to omit one, and some another of these in- 
gredients, until at length all the useless ones were laid aside, 
though without the aid of any chemical reasoning on the sub- 
ject, and without any one having ever suspected, as indeed few 
of them do at this day, that the lead which they continued to 
employ, occasioned any decomposition of the alum, or that the 
mordant so produced did not really contain all the lead and 
other ingredients used to prepare it. Among the useless in- 
gredients before mentioned, corrosive sublimate seems to have 
been retained the longest, since Mr. Wilson includes it in his 
recipe, which was published so lately as the year 1786. 

“It is not wonderful, therefore, that no particular person 
or period has been noted, or remembered, as distinguishable 
for the first invention of the acetated aluminous mordant; 
since the sugar of lead, or other means of forming it, were at 
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first used by chance so sparingly, as to have scarcely produced 
any better effect than would have resulted from the mere solu- 
tion of alum, and the alterations and improvements by which 
the mordant afterwards acquired its present form, I had al- 
most said perfection, were made by such impreceptible gra- 
dations, and resulted so much from the random additions and 
omissions of different individuals (no one of whom seems to 
have been guided by anything approaching to a just theory), 
that neither the discovery nor any considerable step towards 
it, can properly be referred to any one person or period. 

“Mr. Henry, justly sensible of the superior advantages of 
the acetated aluminous mordant in calico-printing, and con- 
ceiving it to have really been very anciently known and em- 
ployed in those countries where the art was first practiced, 
concludes from thence, that it must have resulted from a very 
advanced state of chemical knowledge in those countries, at 
some very remote period, which was afterwards lost, whilst 
the improvements arising from it in this respect continued to 
be practiced and handed down, through a long succession of 
ages to the present time. To have invented (says he) the 
process of printing, in the manner described by Pliny, the in- 
habitants of India must probably have known how to 
prepare alum; they must have been acquainted with the 
manner of dissolving lead in the vegetable acids ; they must at 
least have been acquainted with the component parts of these 
salts, and they must have had a knowledge of double elective 
attractions, etc. In truth, however, the inhabitants of India 
neither had, nor have they at present, any knowledge of the 
use of sugar of lead, or of any other preparation of that metal 
which could produce similar effects in calico-printing; a solu- 
tion of common alum in water being their only aluminous 
mordant, and the previous application of the soluble parts of 
myrobalans and of buffaloes’ milk, to their calicoes, aided 
by a very hot sun-shine, and the complete desiccation which 
it produces, enabling them, without anything like an acetate 
of alumine, to give equal durability to their colours. This 
fact I have learned, not only from all the accounts published. 
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or transmitted to Europe respecting this point, but from the 
positive verbal informations of eye-witnesses to the practice 
of calico-printing in that part of the world, and particularly of 
a gentleman of great veracity, as well as knowledge on this 
subject, who formerly carried on the business of calico-printing 
very extensively in Bengal (principally for account of the 
East-India Company) : and indeed sugar of lead is so far from 
being used for this purpose there, that within a few weeks I 
have received a letter from Mr. John Adie (successor to the 
gentleman last mentioned) dated, “Gondelpara, near Chander- 
nagore, the 10th of February, 1792,” and mentioning, that he 
had some little time before been obliged to pay twenty shil- 
lings the pound for sugar of lead, in order to prepare a particular 
colour which I had formerly recommended: so far was this 
ingredient from being in use there for any such purpose. 

“We may, therefore, safely conclude, that the formation 
of an acetate of alumine, and its application as a mordant in 
calico-printing, was not an oriental discovery ; and that it did 
not result from any knowledge of double elective attractions, 
or any other extensive chemical knowledge, either in ancient 
or modern times ; since those who gradually stumbled upon and 
introduced the use of it, were totally ignorant of the decomposi- 
tions and recompositions which took place in their mixtures, 
and always supposed, as all other calico-printers have till 
lately done, and as most of them do now, that the aluminous 
mordant really consisted of everything used in producing it.” 

We know that textiles are often made shower-proof by 
coating the fibers with some water-repellent hydrocarbon, wax 
or salt,^ the aluminum salts being often used. We also know 
that the probability of electrostatic charges is greater the 
dryer the material we are studying. Both these facts were 
known empirically to Napier.® “Pieces [of cloth] mordanted 
with acetate of alumina and dried at a great heat, are highly 
charged with electricity. If the hand be suddenly drawn 

* Weber: Jour. Soc. Dyers and Colourists, 17, 146 (1901). 

‘ "A Manual of Dyeing,” 125 (1875). 
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along the piece, a complete shower of fire is observed, with a 
sharp cracking noise, at the same time a prickling sensation is 
felt. Whether this has any effect upon the mordant, in its 
immediately combining with other substances we do not know 
but cloth in this state is very difficult to moisten— water runs 
off it as off a duck’s wing; but we offer no explanation.” 

Liechti and Suida‘ have made some experiments on the 
amount of alumina fixed by cotton from various solutions; 
but it is rather hard to tell from the abstract exactly what they 
did. “A weighed quantity of cotton was evenly impregnated 
with say, an alum mordant until its weight was exactly doubled 
and then hung in a dry place on glass rods for thirty-six hours. 
A certain portion was then incinerated in order to determine 
the amount of alumina which the fibre had at its command. 
Another portion of the prepared fibre was then dried in a con- 
stant air current for six hours at a temperature of 40° C. The 
fibre was then washed for six hours with a definite amount of 
distilled water, and the amount of alumina in it was carefully 
estimated. From the number obtained it was possible to 
determine the percentage of alumina which had become fixed 
on the fibre.” This sounds perfectly simple; but the catch 
is in the phrase “evenly impregnated.” The cotton was ap- 
parently steeped in the bath and then dried with the mother 
liquor in it. Since all the solutions had the same amount of 
alumina in them, an amount equivalent to 200 g Al 2 (S 04 ). 3 . 
18 HoO per litre, one would have supposed that the amount of 
alumina presented to the fiber would be approximately the 
same in each case. Actually it varies in a ratio of more than 
four to one. The data are given in Table II. In the first 
column is the hypothetical formula of the aluminum salt in 
solution. In the second column is the amount of alumina 
in grams presented to the fibers, an absolutely mysterious item. 
There is nothing to show to what weight of cotton it refers. In 
the third column is given the amount of alumina in grams fixed 
by the cotton and in the fourth the percentage fixed. The 
apparent accuracy is of course absolutely fictitious. 

■ Jour. Soc. Chem. Ind., 2, 538 (1883). 
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Tabim II 


Adsorption of Alumina by Cotton 


Formula 

AhOs presented 
to the fiber 

AI 2 O 3 fixed by 
the fiber 

Percentage 
AlsOs fixed 

Al2(S04)s 

0.6971 

0.0901 

12.92 

Al2(S04)2(OH)2 

0.4473 

0.2283 

51.04 

Al4(S04)3(OH)« 

0.1527 

0.0897 

.58.74 

Al2(S04)(CH3C02)4 

0.5750 

0.5190 

90.26 

Al2(S04)(CH3C02)3(0H) 

0.5012 

0.5012 

98.90 

Al2(S04)(CH3C02)*(0H)2 

0.18-51 

0.18.51 

91.19 

Al 2 (S 04 )(CH,C 02 ) (0H)3 

0.1987 

0.1987 

96.33 

AbCCHaCOs)# 

0.2631 

0.2631 

51.27 

Al2(CH3C02)4(OH)2 

0.2213 

0.2213 

99.46 


From these data it is not permissible to draw the conclu- 
sion, which Liechti and Suida draw, that with aluminum sul- 
phate the percentage of alumina fixed is greater the more basic 
the mordant. The percentage fixed varies with increasing 
basicity from 13 through 51 to 59; which is all that Liechti 
and Suida are considering. From what we know of adsorption, 
however, it is safe to say that the percentage adsorption 
would have been much greater than 51 if 0.15 g AbOs had been 
presented to the cotton instead of 0.45 g. The percentage 
adsorption for the hypothetical Al 4 (S 04 ) 3 ( 0 H )6 would have 
been less than 58 if 0.45 g AI 2 O 3 had been presented to the 
fibre instead of 0.15 g. It is quite possible, therefore, that 
under comparable conditions the percentage of alumina fixed 
by the fiber would have passed through a maximum with in- 
creasing basicity just as it appears to do with the so-called 
sulpho-acetates. On the other hand we do not know whether 
such a maximum, if found, would be real or would be due to 
the increased amount of sodium sulphate in the solution. In 
other words, although these experiments were made carefully, 
they are utterly worthless except as showing the errors which 
the next experimenter must avoid. Considering the time 
at which they were made, it is not surprising that the experi- 
ments are no better; but it is surprising that for nearly forty 
years they should have been considered as good work. 
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Kutschera and Utz* made some similar experiments except 
that they hung the cloth, after drying, in the moist air at about 
34 ° for forty-eight hours. They got a much more uniform 
mordanting of the cotton than Liechti and Suida did. One 
square decimeter of their cloth averaged seven grams in weight, 
and it seems probable, though not explicitly so stated, that 
this is the amount of cloth to which the figures in Table III 
refer. 


Table III 

Adsorption of Alumina by Cotton 
100 cm- of cotton averaged 7 grams 


Formula 

AliOa presented 

AbOs fixed by 

Percentage 

to the liber 

the fiber 

AI 2 O 3 fixed 

Al 2 (vS 04)3 I 8 H 2 O 

0.1566 

0.0186 

11.88 

Al2(S04)2(CH3C02)2 

Al2(S04)(CH3C02)4 

0.14.56 

0.1462 

100 . 4 :^ 

0.1660 

0.1324 

79.7(i 

AljfCHsCOjle 

Al2(vS04)2(0H)2 

0.1410 

0.1479 

102.29 

0.1350 

0.0688 

51.79 

Al2(S04)(CH3C02)3(0H) 

0.1495 

0.1304 

87.19 


They confirm Liechti and Suida on the aluminum sul- 
phate, and the basic aluminum sulphate. They are low 
(80 to 99 ) on the Alo(S04)(CH3C02)4 and also (87 to 99 ) on 
Al2(S04)(CH3C02).i0H. The great apparent difference is with 
aluminum acetate where Kutschera and Utz get all the alumina 
fixed, while Liechti and Suida get only 51 percent fixed. The 
difference may not be a real one because Liechti and Suida get 
more alumina fixed by weight than do Kutschera and Utz; 
but they present to the fiber 263 mg as against 145 mg. It is 
quite possible that all the loss in efficiency comes in at the higher 
concentrations. This argument cannot be used to cover the 
cases of Al2(S04)(CH8C02)4 and Al2(S 04)(CH3C02)3(0H) be- 
cause in both these experiments Liechti and Suida were get- 
ting higher percentages of alumina fixed with higher absolute 
amounts of alumina presented to the fiber. 

* Mitt, techn. Gewerbe-Museums in Wien, Sektion fur Farberei, 3, 110 

(1886). 
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Sodium aluminate is not used as a mordant in dyeing 
cotton; but it is padded on for calico printing.* There is 
no direct mordanting and it is necessary to add ammonium 
chloride in order to precipitate the alumina. The use of alum- 
inum formate^ and of aluminum lactate^ has been advocated. 
Whether one uses an acetate, formate, or lactate does not affect 
the general theory of the process. 

Matthews,^ who usually follows Ganswindt implicitly, 
breaks away from him on the question of mordanting cotton 
and comes out fairly boldly for the formation of a metallo- 
organic compound. “In mordanting cotton the case is some- 
what different, for the metals employed as mordants are usually 
in the form of basic salts, and the solutions of these, by great 
dilution, by long exposure to the air, or by warming, may be- 
come dissociated and there may be precipitated either the 
hydroxide of the metal or a strongly basic salt ; for example, 
in mordanting cotton with acetate of aluminum a hydrate or 
basic acetate is formed. This, however, cannot be consid- 
ered as ‘precipitation’ in the chemical sense of the term. 
Although it may be shown that when cotton is steeped in a 
readily dissociated solution of aluminum acetate, a portion of 
the aluminum is withdrawn from the bath, it cannot be shown 
however, that aluminum hydrate as such has been precipi- 
tated in the fibre. If such were the case, washing with luke- 
warm acetic or hydrochloric acid would remove all the hy- 
droxide from the fibre again; but this does not happen, which 
is an indication that the aluminum must be fixed in some other 
form. A properly mordanted fibre requires that the metallic 
compound with which the fibre is mordanted must be held by 
this in such a form and with sufficient energy that the mordant 
cannot be removed by water or even by dilute acids or alkalies.” 

After two paragraphs on the mordanting of wool with 

’ Ganswindt : "Theorie und Praxis der modernen Farberei,” II, 224 (1903) . 

* Schwalbe: Zeit. Kolloidchemie, 5, 129 (1907). 

* Boehringer and Sons. Zeit. Farben-Ind., 9, 237, 253 (1910). 

* “Application of Dyestuffs,” 602 (1920). 
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copper, aluminum, chromium and iron, Matthews concludes 
that “all these facts appear to show that in mordanting with 
metallic salts the metal is combined with the fibre in the form 
of a metallo-organic compound, and the fibre, thus chemically 
changed, then possesses the proper affinity for dyeing with the 
mordant dyes.” The fallacy lies in the assumption that an 
adsorbed substance will necessarily have the same properties 
as the same substance in mass. If that were really the case 
charcoal could not take soluble substances out of solution 
practically completely and yet we know it does. If cotton 
takes alumina out of aluminum acetate, there is no reason 
why dilute acetic acid should take any appreciable amount of 
alumina out of cotton and still less out of wool which holds 
the alumina much more strongly. 

Ganswindt* believes in distinguishing sharply between the 
mordanting of wool and of cotton. “The mordanting of cot- 
ton is quite different from the mordanting of wool and silk; 
it has also quite a different intention and significance. The 
cause of the difference is the inactivity or indifference of cotton 
towards solutions of salts of the metals. While silk and 
wool take up the metals in any form on heating, often quanti- 
tatively, and fix them chemically, that is not the case with 
cotton. Cotton has no affinity for metal salts and no ten- 
dency to form metallo-organic compounds; even boiling for 
hours has no effect. It is therefore necessary to have recourse 
to solutions of strongly basic salts, solutions which are so labile 
that a mere diluting with water, gentle heating, or just the 
presence of a textile fiber will cause the solution to dissociate 
into a normal solution and into a precipitate which latter, 
at the moment of precipitation, is taken up on or in the fiber. 
It is not necessary to decide whether the hydroxide is taken 
up or a more basic salt than that in the original solution, for 
that point has no bearing on what is to follow. It is a fact, 
however, that no chemical compound is formed and that the 
cotton fiber is not changed chemically in any way by the mor- 


‘ “Theorie and Praxis der modemen Farberei,” II, 214 (1903). 
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danting or, more properly speaking, by the steeping in the salt 
solution. Strictly speaking the cotton is not mordanted at all. 
When cotton is mordanted, the phenomenon is different from 
that with wool and silk, in that actually the metal hydroxide or 
possibly a very strongly basic salt, is precipitated mechani- 
cally on the cotton fiber and can be removed to some extent by 
vigorous rinsing. The hydroxide that is left is also held me- 
chanically but in the intercellular spaces. 

“The mordanting with tannin and tartar emetic must also 
be considered as a mechanical process, for there is only a very 
slight affinity between tannin and cellulose. If one mor- 
dants cotton with tannin, it is possible to wash the tannin out 
quantitatively by repeated treatments with hot water. That 
is why it is necessary to ,fix tannin with tartar emetic. Cotton 
mordanted with tannin and tartar emetic is nothing more than 
cotton impregnated mechanically with antimony tannate. 
It is exactly similar when cotton is mordanted with Turkey red 
oil and aluminum acetate. In all cases the cotton itself re- 
mains entirely unchanged. It is not altered or affected chem- 
ically in any way and therefore one really ought not to call the 
process mordanting at all. The only case where there is 
actually a chemical change in cotton by the action of reagents 
is curiously enough not called mordanting but — mercerization. 

“From all this it is clear that the mordanting of cotton is 
not at all the same thing as the mordanting of wool. The 
mordanting of wool is pre-eminently a chemical process, 
while the mordanting of cotton is a mechanical impregnation 
of insoluble metallic compounds in the cell spaces and pores of 
the cotton fibre. For this reason the mordanting of cotton 
with metallic salts is nothing like as important or interesting 
as the mordanting of wool. The organic mordants, tannin 
and oil, are much more important.” 

This is quite an unreasonable attitude to take. The dif- 
ference between wool and cotton is purely one of degree, so 
far as we now know. Wool adsorbs alumina more strongly 
than cotton does and is therefore able to take up alumina 
from less basic solutions than cotton can. Since it adsorbs 
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alumina more strongly than cotton does, it also holds it more 
firmly, thus makes a fixing of the mordant unnecessary. That 
point will be discussed in detail in a later paper. There is 
no satisfactory experimental evidence as yet of the formation 
of any definite chemical compound between alumina and either 
wool or cotton. Specific adsorption will account satisfactorily 
for all the phenomena which have been observed as yet. 

It is interesting to note that the one case where Ganswindt 
is willing to admit a chemical change and a consequent mor- 
danting is that of mercerized cotton; and Leighton* has since 
shown that all the earlier work on the theory of the process was 
wrong and that there is no definite chemical compound formed 
when cotton is mercerized. It is true, of course, that mercer- 
ized cotton does adsorb basic and substantive dyes more 
strongly than ordinary cotton does* and it is apparently true 
that mercerized cotton takes up basic mordants® rather more 
completely from concentrated solutions than ordinary cotton 
does; but there is no reason to suppose that this is anything 
more than an increased adsorption due to a change in structure. 

The general results of this paper are : 

1. All aluminum salts hydrolyze more or less in aqueous 
solution and the amount of the hydrolysis increases with rising 
temperature. 

2. The actual hydrolysis is greater with weaker acids; 
but the apparent hydrolysis may be abnormally large in sul- 
phate solutions owing to the coagulating effect of the sulphate 
ions on the colloidal alumina. 

3. The different fibers adsorb alumina to different degrees, 
wool having a much greater adsorbing power than cotton, and 
silk being probably slightly inferior to wool. 

4. Owing to this difference in specific adsorption, wool de- 
composes aluminum salt solutions which are distinctly acid 
while cotton is effective only in more basic solutions. 

• Jour. Phys. Chem., 20, 188 (1916). 

3 Matthews: “Application of Dyestuffs/’ 165, 278 (U)20). 

* Schaposchnikoff and Minajeff : Zeit, Farben-Ind., 3, 165 (1904) ; 4, 81 

(1905). 
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5. What is taken up and held firmly is the colloidal 
alumina. While coagulated alumina may be adsorbed to some 
extent, it rubs off easily. 

6. It is probable that in all cases alumina is adsorbed and 
not a basic salt. The phenomena may be complicated by 
the fact that the alumina itself will adsorb some sulphuric acid, 
for instance, and that the wool may, and probably does, adsorb 
some sulphuric acid also. 

7. Since alumina is adsorbed less strongly by cotton than 
by wool, it is also held less strongly by cotton than by wool. 

8. If we add to cotton some substance like tannin which 
adsorbs alumina strongly, the cotton mordanted with tannin 
will be able to take alumina out of aluminum salt solutions 
which are not decomposed by cotton alone. A corollary 
from this is that alumina will be held more strongly by cotton 
mordanted with tannin than by cotton alone. 

9. The increase in adsorbing power shown by mercerized 
cotton is undoubtedly due to structural difference in the cot- 
ton fibre; but we are not yet able to predict this change. 

10. There is no evidence of the formation of any definite 
chemical compound between alumina and either wool, silk, 
or cotton. 


Cornell University 



ON THE COAGULATION OF COLLOIDS 


BY ARNE WESTGREN AND JOSEP REITSTSTTER 

One of the chief objects of colloid chemistry is certainly 
to find out the conditions of the stability of colloids. To at- 
tain this aim it must evidently be of great importance to know 
what happens, when a colloid for some reason suddenly loses 
its stability. The process of coagulation has therefore been 
subject to a great number of investigations and as a multitude 
of more or less well-founded hypotheses has been proposed 
in order to explain this phenomenon, it is certainly no easy 
task to give a well-posed and objective survey of this field of 
research. 

It is not our intention to make any atttempt in this di- 
rection, since M. Smoluchowski (1, 2, 8) a few years ago has 
given an excellent summary of the coagulation theories and 
R. Zsigmondy (4) has published a critical estimate of the 
measurements and speculations on the coagulation of colloids 
produced by electrolytic admixtures. The purpose of this 
paper is only to give a summary sketch of Smoluchowski’s 
kinetic theory of coagulation which has made an exact treat- 
ment and experimental examination of the entire coagulation 
problem possible and also to give a short survey of the ex- 
perimental work performed in order to try the new theory. 
Smoluchowski, the ingenious pioneer, who lived to see the 
first experimental confirmation of his work, was carried off by 
an epidemic war-disease at Cracow on September 5, 1917. 

If a deep-red colloidal gold-solution is mixed with a 
diluted solution of sodium chloride, its colour turns more or 
less quickly into violet or blue. This conspicuous change of 
colour is a macroscopic characteristic of the coagulation of the 
colloidal gold-solution, the particles of which unite to larger 
complexes, and after a certain time sink to the bottom, while 
the liquid becomes almost colourless. 

All attempts made hitherto to explain the respective laws 
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of this process in an empirico-inductive way, have been rather 
unsuccessful (S. Miyazawa, N. Ishizaka, H. Freundlich, 
I. A. Gann, etc.), and even certain formulae and laws framed 
in the beginning had to be withdrawn after more accurate re- 
searches (Freundlich and Gann), wherefore Smoluchowski, 
having recourse to a deduction method, stated some new 
principles for studies in this branch of colloid physics. 

According to Smoluchowski, the reason why the empirical 
methods have proved a failure, is, that in all previous works 
certain factors (viscosity, the relative quantity of the sub- 
stance dissolving under determinate conditions, transparency, 
etc.) were considered as measures of coagulation, whereas in 
reality there is no exact measure for it, as coagulation cannot 
be expressed by one variable quantity alone. 

In spite of all pains bestowed on these researches, a pre- 
cise cognition of the acting causes on which stability or coag- 
ulation are depending, was still wanting. Smoluchowski ar- 
rived at the assumption that, when sufficiently near together, 
the particles attract one another in consequence of thecapillary 
effect, but that a combination does not take place under 
normal circumstances, which is to be attributed to a protec- 
tive effect of the electric double-layer of the particles. An 
electrolyte being added, a partial or complete discharge of this 
double-layer takes place, owing to the adsorption of the ions 
demonstrated by Freimdlich; thus the protective effect is 
diminished, and, from a certain concentration it does not suffice 
to prevent the particles from joining together. Still another 
influence must be taken into consideration: it causes a col- 
lision of the particles, but, at the same time, checks their 
permanent combination, viz., the molecular forces which, 
among other things, manifest themselves in the Brownian 
movement. 

Before entering on the calculations made by Smoluchow- 
ski, we must still premise some general reflections on coagula- 
tion. 

In order that coagulation may take place, a certain 
electrolytic concentration must be attained, “Bodlander’s 
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limit” (Schwellenwert) , below which there is no coagulation 
at all. This limit, however, is not sharply defined. Zsigmondy 
has proved by experiments, that small electrolytic admix- 
tures exert no influence on a fine-grained colloidal gold-solu- 
tion. A gradual increase of the electrolytic concentration 
leads into a domain of slow coagulation, through a zone rather 
limited with respect to the electrolytic concentration. In 
this zone small changes of the electrolytic concentration 
produce very great changes in the velocity of coagulation. 

It has thus been proved, that the velocity of coagulation 
is a continuous function of the electrolytic concentration, 
i. e., coagulation does not suddenly occur at a certain degree 
of the latter; but when it begins after a gradually increased 
electrolytic admixture its velocity augments, and finally at- 
tains a maximum which is not exceeded even if the concentra- 
tion is very considerable. 

Hence it follows, that the notion of “coagulation-limit” 
so current in the literature of colloids, in reality has no ex- 
plicit counterpart. It is therefore more proper to speak with 
Zsigmondy of a “limit-zone” within which the velocity of 
coagulation varies with the electrolytic concentration. This 
zone passes continuously into the adjoining concentration- 
regions, into the region where no coagulation takes place, in the 
one direction and into the region where the velocity of coagu- 
lation becomes a maximum in the other. If we use the term 
“coagulation-limit,” we must do as Zsigmondy and Reitstotter 
have done, i. e., connect it with a certain velocity of coagula- 
tion within the limit-zone. 

That the particles of a colloid do not agglutinate is evi- 
dently due to powers of repulsion manifesting themselves at 
their mutual immediate approach. These powers must be 
connected with a protective effect of an electrically charged 
double-layer. The presence of these repelling powers has been 
shown by J. Perrin and R. Costantin.* 

If we mix the colloid with increasing quantities of an 


* Comptes rendus, 158> 1171 (1914). 
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electrolyte, the potential of the double-layer decreases, as we 
have already shown. At a certain standard (BodlS,nder’s 
limit), the limit of stability is exceeded, and then there is a 
tendency towards coagulation which rapidly increases with the 
increase of the electrolytic admixture ; in other words, the pro- 
tective effect of the charge of the double-layer is in part neu- 
tralized by a rising effect of attraction. 

These considerations form the foundation of Zsigmondy’s 
doctrine, according to which the maximum of the coagulation- 
velocity, designated as “quick” coagulation in the following 
lines, corresponds to a discharge of the double-layer down to a 
certain potential. In this state the attraction forces of the 
particles are fully developed. 

According to vSmoluchowski, each particle of the colloid 
is, from the moment of the admixture of the electrolyte, sur- 
rounded by a sphere of attraction of the radius R, within 
which there is so intense an attraction, that any other particle 
is retained in it, forming an indissoluble combination with the 
first, as soon as its centre gets into that sphere. 

This view of the coagulation-process has the advantage 
of not meddling with the question of the structure of the 
double-layer, its connection with the nature and number of 
the ions, etc. Besides, it enables us mathematically to formu- 
late the kinetics of coagulation. 

Smoluchowski considers, that the main object for a 
mathematical treatment of the problem must be to calculate 
the numbers vi, Vi, v^,. . . of the simple, double, treble . . . 
particles from the factors characterizing the whole system, 
viz., the original number of particles ^o, the dimension of the 
radius of action R, and the constant of velocity D of the 
Brownian movement. The problem therefore, is : If »o 
particles exist in the unit of space at the time=0, how great 
is, at the time t, the average number n of those particles, 
whose centres until then have not passed into the sphere of 
action R? Instead of considering all the particles in the 
unit of space, we select a single one. The probability Pi {t) 
of its not having been touched by another until the time t. 
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is expressed by the percentage of the single particles still re- 
maining free : 

? = Pi (0 

fio 

To make the remaining calculation easier we assume, that this 
special particle is at rest, that it is retained and that only 
this one possesses a sphere of attraction. Therefore all the 
other particles can join only with it, but not with each other. 
We thus assume, that the spherical surface of the radius R re- 
tains each arriving particle, and that it acts absolutely ad- 
sorbing; in other words, that the concentration on the 
spherical surface always is 0. 

In order to calculate the amount of the substance diffused 
on to the sphere, we have only to determine the distribution of a 
substance that at first has uniformly filled space (initial con- 
centration = r) but, from the moment t = 0, is diffusing to- 
wards the sphere of the radius R, to whose surface it fully ad- 
heres, thus making the concentration immediately outside 
the sphere constantly = 0. 

From the general equation of diffusion’ it results, that, on 


1 d(ru) _ d‘(ru) 

di~ dr= 

Hff 1 

D = — ^ H IS the gas-constant 83.19 X lO'’’; 0 the absolute temperature; 

N byrija 

N the constant of Avogadro 60, 6.10**; the viscosity of the system, and a the 
radius of the particle. 


u — c when / = 0, r > R and 
7/ = 0 when r = R, / > 0 

r-R 

2Vd7 

"■'['-t+M'"’'''] 


Hence it follows that the amount diffused on to the sphere R in the time t . 
+ dt is 

. dM I 


. / 


Tdt == 47rDR* 
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dt = 4irDRf 
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the stipulated conditions, the amount diffused on to the 
sphere R in the space of time t .. A -\- di is 

4irDR c\l + 

L VtiD/J 

and the total quantity disengaged from the beginning is 
M = 47rDR c [< + 

L VxD J 

To simplify the calculation we neglect the root quantity, that 
is to say, we consider the process of coagulation at a stage, 
in which t is great compared to R-/D. 

The probability, that a certain particle existing at first 
anywhere in the space V joins the sphere R in the time t ... . 

t + dt (when c = is : 




4xDR 

V 


dt 


The coagulation-time in which, on an average, a particle 
sticks to the one selected, is 

T = i = 2 
4xRDi/o /3’ 

the concentration c having been substituted by the number of 
the particles vo in the unit of space; the number of the par- 
ticles during the unit of time sticking to the selected adsorp- 
tion-nucleus is 4xRD»'o. 

But now we must take into consideration, that the se- 
lected particle R is not at rest, but subjected to the Brownian 
movement; its relative motion, therefore, comes into consid- 
eration for coagulation. But as the relative motion of two 
particles which, independently of each other, are subjected 
to Brownian molecular movement characterized by the diffu-. 
sion-constants Di, D 2 , is likewise a Brownian molecular move- 
ment, viz., such a one as is characterized by a diffusion-con- 
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stant Di,2 = Di + D2, we need only double the coefficient D 
in the present case.* 

The decrease of the number of the simple primary par- 
ticles is given by 

Pq _ Vo 

* 1 SirDRvof ^ I 2t 

T 

But here we have taken into account only the uniting of sim- 
ple particles into double particles; whereas, in reality, also the 
formation of multiple particles is to be considered. The double 
and treble particles already formed act in their turn as nuclei 
of coagulation, unfortunately in such a manner as cannot be 
exactly calculated, the form of the multiple particles being in 
all probability not spherical. Also here exist similar relations 
as before in the simple case, and the total decrease of the 
primary particles may be represented by the equation 

1 1 dPt 

SttDR ' p,-dt ~ "* 

In an analogous manner we get the reaction-equations for the 
different categories of multiple particles. By integration we 
get the total number of particles 

^v = V. -h V2 -h V3 + . . . = 


1 I _ -fL 

As P (x) dx - ZT=- 

the probability that a particle at the end of the time t has been displaced . 
f out of its original position is evidently the product of the two probabili- 
ties, independent of each other, that one particle has been dislocated x and 
another particle ^ -p jc: 

+ x 

** ‘ 

e 41 ) 2 / 4Di/ dc = 
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where 0 = 4 DR vj. The number of the primary particles 
then is : 


[1 + 


that of the double particles 


and that of the w-fold particles : 

[1 + 01 ]”+^' 

Introducing the diffusion-constant into the formula of coagu- 
lation-time, we get from 


the coagulation-time 


4irDR)'o 
He 1 
N Girrja 


^ _ 3 a 
^ ~ 2 Hepo ■ R 


This formula, however, applies only to quick coagulation, 
discussed in the beginning of this paper, when the electrolytic 
admixture is considerable, the sphere of attraction being al- 
ready independent of the electrolytic concentration. If the 
electrolytic admixture is small, we may imagine, that, of the 
immediate collisions of the particles, only a fraction, dependent 
on the electrol)rtic concentration, leads to the joining of par- 
ticles. It is evident, that this causes only a retardation of the 
process, the inner progress of the same remaining unchanged. 

Smoluchowski is of opinion, that in the case of an incom- 
plete discharge of the double-layer, the attractive powers of the 
sphere of action are not fully developed and, because of that, 
only a certain fraction of the immediate collisions of the par- 
ticles causes their instantaneous combination. In the formula, 
already given, c 0t must then be put in the place of 0t. 

Is a = 45rRD, 
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it follows that 

Q r> 4 He t 
a =■ SjrrD* = - • - 

.3 N )/ 

where « represents a coefficient corresponding to that fraction. 

The coagulation-curves obtained from the different con- 
centration series of the colloid and the electrolyte must there- 
fore be similar. By a corresponding change of the measure 
of time, they can be brought to coincide. 

The above theory of coagulation-kinetics was worked out, 
in a more deductive manner, by Smoluchowski at the instiga- 
tion of R. Zsigmondy, and was brought before the public in 
a course of lectures delivered at Gottingen on the 20th, 21st and 
22nd of June, 1916. 

Smoluchowski 's calculations were first confirmed by R. 
Zsigmondy’s experiments (4, 5, 6) on colloidal gold-solutions, 
which were brought to quick coagulation by a considerable elec- 
trolytic admixture. By adding a strong protective colloid 
(solution of gum arabic) Zsigmondy and Reitstotter, after a 
certain time interrupted the process of coagulation, and counted 
the remaining primary particles by means of the ultramicro- 
scope. Equally satisfactory and corroborative for the theory 
are the results obtained by Westgren and Reitstotter (7), who, 
instead of the primary particles (I'l) determined the total 
number («„) of the particles. A few years ago, by investigating 
coarse-grained gold h>drosols, Westgren (8), has also found, 
that Smoluchowski’s view concerning slow coagulation is 
likewise correct, that the radius of action, when fully devel- 
oped is in all probability exactly twice as great as that of the 
particle, and that the particles thus exercise no effect on each 
other before colliding or at least not until they come very 
near each other. 

In a theoretical work H. Freundlich (9) has made a very 
interesting attempt to explain the mechanism of the slow coag- 
ulation. He assumes, that the partially discharged parti- 
cles in a slowly coagulating colloid do not join together, tm- 
less their power of collision exceeds a minimum value. It 
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would be of a certain interest mathematically to investigate 
whether this hypothesis is compatible with Uie experimental 
results, gained by Westgren (8), that uniform gold-sols of 
different particle-size, that are coagulated with the same elec- 
trolyte show identical curves of coagulation. It seems, at 
least at a superficial estimation, that this can hardly be the 
case. If the violence of collision is of decisive importance 
for the aggregation, not only the relative velocity of the par- 
ticles, but also their mass should have some influence on the 
progress of coagulation. 

The change in colour of Congo ruby hydrosols, mixed 
with an electrolyte, has been studied by H. Liiers (10), who 
found Smoluchowski’s formula applicable to this phenomenon. 
In connection with this, he has also gained some interesting 
results concerning the influence of protective colloids on the 
said change in colour. 

Quite recently H. R. Kruyt and A. E. van Arkel (11, 12, 
13) have experimentally contributed to the question whether 
Zsigmondy’s and Smoluchowski’s opinion on the mechanism 
of coagulation holds good. These scientists have carried out 
a series of investigations on the coagulation of selenium hy- 
drosols. Their results differ to a certain degree from those 
obtained formerly by the examination of coagulating gold-sols. 
In several experiments the total number of particles (Sk) was 
found to decrease during the coagulation in a way not at all 
consistent with Smoluchowski’s formula, and in the cases, 
where agreement was established, the values obtained for the 
ratio of the attraction-radius to the particle-radius, R/a, 
were varying from 0.5 to 1.0. Thus only part of the particle- 
collisions should lead to aggregation. Kruyt and van Arkel 
have tried different ways of explaining these divergences from 
Smoluchowski’s theory. A source of error, however, to which 
they seem to have paid no attention, is the possibility, that their 
selenitun sols have contained not only a main quantity of 
almost equally big submicroscopic grains, but also a considera- 
ble fraction of a microscopic selenium-particles. If the col- 
loids have had such a composition the total number of par- 
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tides visible in the ultramicroscope must evidently change in 
a complicated manner during coagulation. Selenium sols, 
which have not by centrifuging been freed from eventual amicro- 
scopic particles and electrolytes cannot be said to be as well 
defined and suitable material for investigations of this art, as 
coarse-grained gold sols, that have been prepared by repeated 
sedimentation of the particles and pouring off of the super- 
natant liquid. 

From the above short survey of the experimental exam- 
ination of Smoluchowski’s valuable theory it may be evident, 
that there still remains very much to do before colloid chem- 
istry has made the most of it as a leading principle on this 
sphere of research. If this short review can cause any sci- 
entist of colloids to perform a new investigation of the coag- 
ulation process based on the said theory, the present writers 
consider the purpose of their paper fulfilled. 
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THE MELTING INTERVAL OF CERTAIN UNDER- 
COOLED LIQUIDS WITH A NOTE ON THE 
USE OF LIQUID AIR AS A 
REFRIGERANT’ 

BY JOHN BRIGHT FERGUSON 

BancrofF* has drawn attention to the unusual type of 
melting curve, obtained with solids formed by the sudden 
chilling of aqueous salt and acid solutions, which was first ob- 
served by McIntosh and Edson.* The latter noted that such 
material did not show a melting interval extending from the 
eutectic temperature to the temperature at which such a liquid 
solution would be in equilibrium with a trace of pure ice, 
bur rather melted exactly at this latter temperature. In other 
words, the melting temperature corresponded to the point on 
the liquidus curve of an equilibrium temperature-concentra- 
tion diagram representing the proper composition. 

These workers ingeniously prepared constant temperature 
baths, using such chilled materials. They also suggested that 
this procedure might have a wide application including the 
possible use of molten salts. Their results led them to be- 
lieve, apparently, that the relation between the liquidus tem- 
perature and the melting temperature was an exact one and of 
rather wide application. The present investigation was un- 
dertaken with a view of testing these deductions. 

When a liquid is suddenly cooled so that an amorphous 
solid is formed, the resultant material is usually called a glass. 
There seems therefore to be no good reason why the chilled 
materials under discussion should not be so designated. 

The melting temperatures of most glasses such as the 
silicate glasses lie considerably below the liquidus temperatures, 

^ Contribution from the Chemical Department of the University of 
Toronto. 

* Bancroft: Jour, Ind. Eng. Chem., 13, 88 (1921). 

* McIntosh and Edson: Jour. Am. Chem. Soc„ 38, Ob') (1916), 
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and these temperatures are not sharp but extend over various 
intervals, depending on the nature of the glass. When a 
borax glass melts, a slight absorption of heat occurs,* and 
Tool and Valasek® have observed that a silicate glass which 
crystallized on melting, first absorbed a small quantity of 
heat on melting, and later set free a relatively very great 
quantity of heat upon crystallization. These facts seem to 
indicate, that the constant temperatures found with the salt 
solution, and acid solution glasses must be the result of a pe- 
culiar balancing of such heat effects. One might therefore 
expect that different experimental conditions might give rise to 
different constant temperatures using the same initial solution 
and that different solutions would not behave alike. 

Glasses were prepared by the method out-lined by McIn- 
tosh and Edson, using liquid air as a refrigerant. The solid 
cores of glass were either ground up in a chilled mortar as each 
was obtained, or the cores were kept in a vacuum bottle until 
enough were prepared and all ground up at the same time. The 
ground material was quickly transferred to a small-size vacuum 
bottle (J/i pint). Solutions of sodium chloride and of hydro- 
chloric acid® in distilled water were used. An alcohol thermom- 
eter was inserted into the ground mass'* in the bottle and the 
temperatures read from time to time. 

The salt solutions were analyzed by evaporating off the 
water and weighing the salt; the hydrochloric acid solutions 
were titered with barium hydroxide solution. In several 
cases an attempt was made to obtain the composition of the 
solid material present during the latter stages of the melting. 
The procedure was as follows : the slush as free from liquid as 
possible was placed in a small evaporating dish; melting was 
permitted to take place for a moment and the liquid poured 

1 Day and Alien; Carnegie Institution of Washington, Pub., 31 , 34 (1905). 

* Tool and Valasek: Bur. Standards, Sci. Papers, 358 (1920). 

* Our hydrochloric acid glasses could not be ground up as they formed a 
thick slush even in the vacuum bottle. 

^70 grams approximately. 
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off; the latter operation was repeated several times and the 
residual slush used for the analysis. 

The results of a number of experiments are given in Table I. 

Table I 

The results of the Melting Point Experiments 

Remarks 

Slush still present 
at —10.6. Cores 
ground up sepa- 
rately. 

Melting practi- 
cally complete 
at— 8,7. Sticks 
ground up at 
one time. 

Sticks ground up 
at one time. 
vSlush practically 
gone at the li- 
quidus tempera- 
ture. 

There was a trace 
of ice left at 0.1. 

I. The composition of the solutions in Wt. percent. 

II. The composition of the slush in Wt. percent. 

III. Temperature of slush removal. 

IV. Liquidus temperatures. 

V. Constant temperatures found. 

The liquidus temperatures were obtained by plotting the data given 
in Landolt-Bomstein Tabellen, pages 485 and 470. The following 
eutectic temperatures are given in tiie same tables: 

ice + sodium chloride. 2aq. — 21.2® C 

ice + sodium chloride — 22.4® C (labile) 

ice + hydrogen chloride. 3 aq. — 86® C 

From these results we may conclude: 

1. The constant temperatures obtained on melting such 
glasses are dependent upon the particular experimental pro- 
cedures used. 

2. With the salt solution glasses, these temperatures ap- 
proximate the liquidus temperatures but lie below them. 


I II III IV V 

NaCl 15 14.8 -11.5 -11.7 -13.7 

NaCl 14.67 14.3 -10.5 -11.3 -12.1 

NaCl 14.5 — -11.1 -11 4 

HCl 12.1 — -20.25 -32 41 

HCl 6.9 — -9.75 -14 9 

HCl 6.9 — -9.75 -16 5] 

Ice — — 0. 0. 
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3. The analyses of the residual slushes indicate that the 
salt solution glasses may persist for some time at tempera- 
tures above the liquidus temperatures. The evidence cannot 
be considered as conclusive, however, owing to the nature of 
the material used in the analyses. 

4. Since there does not appear to be an exact relation be- 
tween the melting temperatures and the liquidus temperatures, 
the use of such glasses for constant temperature baths cannot 
be regarded as of general application. 

One explanation of the constant temperature obtained 
with these glasses would be that this temperature is the tem- 
perature at which the heat absorbed by the melting glass just 
equals the heat of partial crystallization of the excess com- 
ponent plus the heat lost through the walls of the vacuum 
bottle. The heat given out when a unit weight of the excess 
component crystallizes is probably very great as compared 
with the heat absorbed when a unit weight of the glass melts. 
If the glass melts slowly, a constant temperature would result 
which would be near the liquidus temperature. On the other 
hand, if the glass melts quickly the constant temperature 
would be considerably below the liquidus temperature. 

Note on the Use of Liquid Air as a Refrigerant 

Most liquids under-cool readily below their freezing 
points while most solids cannot be super-heated above their 
melting points. One might therefore expect less trouble in the 
determination of the melting curve than in the determination 
of the freezing curve for a given solution. The work of McIn- 
tosh and Edson, and ourselves, would indicate that if liquid 
air were used to “freeze” the solution the true melting curve 
might be obscured by the presence of glass in the melting mass. 

Attention is called to this possible source of error since 
it is not one that might appear at first sight to be of importance 
with aqueous solutions. In addition, liquid air when available 
is used freely as a refrigerant. 

Toronto, Canada 



THE SOLUBILITY OF GASES IN LIQUIDS' 


B. S. NEUHAUSEN 

In an article by the writer^ and Prof. W. A. Patrick, it 
was shown that the solubilities of NHs, HCl, CO 2 and SO 2 in 
water could be expressed by the equation 



In this formula V is the volume of liquefied gas dissolved per 
gram of water (i. e., the weight of gas dissolved per gram di- 
vided by the density of the liquefied gas at that temperature); 
P() is the vapor tension and (5 the surface tension of the lique- 
fied gas at the temperature of measurement while P is the equi- 
librium gas pressure. K and 1 - n are specific constants. The 
fact that this formula fitted likewise the adsorption data for 
various gases by solid adsorbents, was considered as a support 
for the theory first advanced by Graham® that solutions of 
gases in liquids are cases of condensations of the gases in 
liquids. 

In that paper solubility data in water only were presented. 
To show the extent of the validity of this generalization in 
solvents other than water, the following data on the solu- 
bilities of NH3, HCl, vSOo, and CO2 in methyl and ethyl alcohols 
are plotted according to this formula in Fig. 1 . 

In curves IM and IE there have been plotted the solu- 
bility data of de Bruyn' for vSOo in methyl and ethyl alcohol, 
respectively, at atmospheric pressure and at temperatures of 

* Contribution from the Laboratory of the Department of Physiology of 
the Johns Hopkins University. 

2 Jour. Phys. Chein., 25, 693 (1921), 

3 Annals of Philosophy, 12 , 69 (1826). 

^ Rec. Trav. chim. Pays-Bas, 11 , 112 (1892), 
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0° C to 26° C. The values of the surface tension of liquid 
SO 2 were calculated from values given by Landolt-Bomstem 
to be 



The density of liquid SO 2 at the different temperatures was 
obtained by interpolation from the data of Cailletet and 
Mathias.^ Regnault’s values for the vapor tensions as given 
by Landolt-Bomstein were used. 

On curves 2M and 2E have been plotted de Bruyn’s^ 
solubility data for NHs in methyl and ethyl alcohol at from 0° 
C to 30° C. The values of the surface tension of liquid 
NHs were obtained from the data of Berthoud;* the liquid 
densities from Cragoe and Harper;® the vapor tensions from 
Cragoe et al.® 

On curves 3M and 3E are found de Bruyn’s^ data on sol- 
ubility of HCl at temperatures from — 10°C to 32° C. The 

* Comptes rendus, 104, 1565 (1887). 

* Hel. Chim. Acta 1, 84-7 (1918); Jour. Chim, ph 3 rs., 16, 429 (1918). 

® Bureau of Standards, Sci. Paper, 420. 

* Ibid., 309. 
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values of the surface tension were calculated from the work of 
McIntosh & Steele* to be 

Tempera- 
ture — 10 0 6.5 11.5 18 20 23.5 32 

Surface 

Tension 9.4 7.6 6.48 5.64 4.5 4 3.37 2 

The liquid densities were interpolated from values of Ansdell;^ 
the vapor tensions up to 0° C from Faraday* and over 0° C 
from Ansdell."* 

On curve 4E and 4M are plotted Just’s* data on the sol- 
ubility of CO 2 the values given in terms of the Ostwald solu- 
bility coefficient being recalculated into weights per g^am of 
water. The values of the surface tension were interpolated 
from data given by Landolt-Bomstein, 1.82, 1.00, and 0.50 
dynes being used for 15, 20, and 25° C respectively. Liquid 
densities were obtained from data of Warburg and v. Babo;® 
the vapor tensions from the data of Tate.’ 

From these curves it is evident that the formula 



holds very well for each individual gas. It may be noted that, 
with the exception of SO 2 , the curves of each gas in the two 
solvents are parallel, but as was already found in the case of 
water as a solvent, these curves do not coincide. 

When the above formula is written in logarithmic form the 
following equation is obtained : 

log V = log K -f 1/n log — . 

Po 


> Zeit. phys. Chem., 55, 141 (1906). 

* Proc. Roy. Soc., 30, 117. 

* Phil. Trans., 135, I, 155 (1845). 

* Chem. News, 41, 75 (1880). 

* Zeit. phys. Chem., 37, 343 (1901). 

* Ber. Berl Akad., 1882, 509. 

» Phil. Mag., (4) 26, 592. 
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In this equation there are two constants K which becomes 
Pc 

equal to V when — is set equal to 1, and 1/n which obviously 
Po 

is the slope of the line. As Chwolson* has so painstakingly 
pointed out, it is incorrect to attribute any physical sig- 
nificance to a proportionality constant, and if its value is other 
than 1, the law has been incompletely expresseed or a factor 
omitted. As may be seen from the table below of the value 
K of the four gases in water ethyl, and methyl alcohol as sol- 
vents, it is not a proportionality constant but is a variable de- 
pending on some physical quantity. 

Table I 

Value of K of gases in different solvents 



Water 

Methyl alcohol 

Kthyl alcohol 

NH, 

0.49 

0.205 

0.108 

HCl 

1.05 

1.2.3 

0.979 

SOo 

0.012 

0.04 

0.04 

CO 2 

0.006 

0.0126 

0.0103 


If solutions of gases in liquids are considered as binary 
liquid mixtures it is evident that the greater the degree of 
miscibility of the gas in the liquefied form with the liquid 
solvent the greater the solubility, for miscibility may well be 
taken as an indication of the degree that molecules of the solute 
fit into the interstices of the solvent and vice versa. Upon 
examining Table I it is seen that HCl which is miscible with 
water and methyl and ethyl alcohols in all proportions gives 
a high value for K in all three cases. NHs likewise gives a 
high value for K in water though the values are lower for the 
alcohols. SO 2 which in the liquefied form is miscible with water 
only in a limited extent gives a much lower value for K; while 
in the alcohols with which it is miscible to a greater extent, K 
has a greater value. CO 2 likewise gives a very small value for 
K in water, with which CO 2 in the liquefied form is only slightly 
miscible, while with the alcohols with which liquefied gas is 

‘ Section on Physikali^che Gesetzc. Lehrbuch, d. Physik, T, 1, 25, 2nd 


edition. 
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much more miscible the values of K are twice as great. That 
the values of K for CO 2 in the alcohols are so much lower than 
those for HCl is not surprising for CO 2 and the alcohols though 
they possess a great range of miscibility are not miscible in all 
proportions as has been shown by Buchner.* The value of 
K may therefore be taken as a function of the degree of mis- 
cibility of the liquefied gas and solvent. 

The other constant occurring in the equation is 1/n. The 
values of 1/n for the 3 gases are given in the following table: 


Table II 

Values of 1 /n for the gases 



Water 

Methyl alcohol 

Ethvl alcohol 

1 

NHa 

O.dO 

0.09 

0.71 

HCl 

0.12 

0.002 

0.005 

SO2 

0.91 

1.20 

1.00 

CC )2 

0.3:1 

0.07 

0 . 055 


It will be noted that the constant is practically the same for 
ammonia in the three solvents. For HCl the constant is 
practically the same in the two alcohols but the value is lower 
than that for water. In CO 2 and SO 2 for which the degree of 
miscibility with alcohols is different from that of water, the 
values for the alcohols are different from those in water, but 
the difference is in opposite directions. Attempts to correlate 
this value in 1/n with various physical properties of the gases 
and liquids have been without result. Very probably it is a 
complex function of the properties of both the solvent and solute. 

Summary 

It is shown that the fonnula 

is applicable to the solubility data of NH3, HCl, vSO^ and CO2 in 
ethyl and methyl alcohols, as was previously shown for water. 

The values of K and 1/n are given for these gases in the 
three solvents. 

Baltimore, Md. 

‘ Zeit. phys Chem., 54, 065 (1906). 



NOTE ON THE MEASUREMENT OF SURFACE 
TENSIONS 


BY ROBERT B. ELDER 

By the use of Jaeger’s Method, Ferguson^ has obtained 
some results bearing on the question of the effect of adsorbed 
gases on the surface tension of water, recently discussed by 
Mr. S. S. Bhatnagar.** Ferguson measured the surface ten- 
sion of water in contact with air and with CO 2 at 15° C and 
obtained 73.88 and 73.04 dynes/cm respectively as the tension 
of these interfaces. Bhatnagar’s results are 73.1 and 73.00 for 
the same interfaces at the same temperatures. Bhatnagar also 
gives results on other gases besides air and CO 2 in contact with 
water, and Ferguson gives results on other liquids besides water 
in contact with air and with CO 2 . 

There is reason to question the accuracy of Bhatnagar’s 
results, however, as his method involves certain errors, which 
are partially compensating and evidently for this reason yield 
results in close agreement with those obtained by other methods. 

Bhatnagar’s method, briefly, is as follows: 

A segment of a sphere of known radius is suspended from a 
Jolly balance spring. A dish containing the liquid whose sur- 
face tension is to be measured is slowly raised till contact 
is made between the liquid surface and the sphere. The 
dish is then lowered till this contact is broken, the segment 
of the sphere being pulled from the liquid surface by the 
spring, and the distance the dish is moved vertically from the 
making to the breaking of this contact is taken as the amount 
the balance spring is extended. Knowing the constant of the 
spring the downward force exerted on the sphere by the liquid 
can then be found. The mistake in this lies in the assumption 
that the sphere and dish are in the same relative positions at the 
making and at the breaking of the contact. This might be 

‘ Phil. Mag., (6) 28, 403 (1914). 

• Jour. Phys. Chem., 24, 716 (1920). 



Note on the Measurement oj Surface Tensions 


559 


true in a very special case, but in general is not true as will 
be shown. 

Ferguson’s formula,^ which Bhatnagar uses in interpret- 
ing the ex|)erimental results described is, 


M = 47rpa* 




( 1 ) 


and Bhatnagar explains that, in this formula “M = weight 
required to detach the circular disk from the surface of water." 
This is a mistake, as this equation represents the condition of 
equilibrium when the sphere is in contact with the liquid, and 
its lowest point is in a line with the level portion of the liquid 
surface — (it being assumed that the angle of contact between 
the sphere and liquid is zero). A careful analysis of Ferguson’s 
derivation and use of this formula will show that it applies 
only when relative positions of the sphere and the liquid 
surface are as stated. 

The following quotation* describes his application of this 
formula ; 

“In order to apply equation (1) to determine surface ten- 
sions, a large hollow sphere of glass was taken and its ex- 
ternal radius measured by means of a spherometer. No 
appreciable variation in the radius could be detected over the 
portion which was subsequently in contact with the liquid 
under examination. The sphere, after having been cleansed by 
alternate washings with caustic soda solution and distilled 
water, was dried and fastened by a thread about 20 cm in 
length to the underside of the pan of a balance standing on a 
high shelf, the thread passing through holes in the baseboard of 
the balance of the shelf. On a lower shelf, underneath the 
sphere, stood a small table whose height could be adjusted by 


• Ferguson: PhU. Mag., (6) 2fi, 925 (1913) 
R = Radius of sphere, 
p = Density of the liquid 


a* = in which T » surface tension indynes/cm and g is the gravity 
pg 

constant. 

2 L. c., page 931. 
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means of a screw which table carried a carefully cleaned por- 
celain basin containing the liquid under examination. 

“The sphere having been first counterpoised, the balance 
was left perfectly free and the height of the table adjusted 
until the liquid just touched the vertex of the sphere. This 
point was sharply defined by the sudden swing of the balance- 
pointer as the sphere touched the liquid and was pulled down. 
(In order to obtain consistent results, great care must be taken 
that the balance is quite at rest and the pointer exactly over 
the zero at the instant when the sphere and liquid make 
contact.) Weights were then added till the pointer was 
brought back to the zero, the mass of these weights being the 
M of equation (1).” 


In a later paper Ferguson* deals with the general case 
of the sphere in contact with liquid, and shows that the max- 
imum downward force exerted on the sphere is developed when 
the lowest point of the sphere is at a distance, di = 


( 6 <dR. r ) ’ 


from the horizontal surface of the liquid. 


Ferguson® further states that the “pull is therefore a maximum 
when the vertex of the sphere is slightly below the level of the free 
horizontal surface of the liquid.” (The italics are the present 
writer’s.) This is an inaccurate statement of the case, as it 
will be seen that di will be positive or negative depending on 
the relative values of R and a. If R is less than 36a the ex- 


pression 


\6 -^aR R/ 


is negative, and hence d\ is negative 


i. e., the lowest point of the sphere is above the “free” hori- 
zontal surface of the liquid. For water at 20° C, T = 72.8, 

T 72.8 

p = 1.0, g = 981, and a® = — = = 0.0742. Then a = 

pg 981 

■'^0.0742 = 0.2724, and 36o = 9.8 approximately, so that with 
water and any sphere smaller than about 9.8 cm radius, the 


« Phil. Mag., (6) 28, 14‘J (1914). 
2 L. c., page 153. 
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maximum force is developed with the lowest point of the sphere 
above the level surface of the liquid, and not below, as Fergu- 
son states. The sphere Ferguson used in this test was 7.321 
cm radius, and that used by Bhatnagar was 5.007 cm radius. 

Substituting 5.007 for R in the above formula we find that 
the maximum forces would be developed on Bhatnagar’s 
sphere with the lowest point of the sphere at a distance (ap- 
proximately) 0.0042 cm vertically above the horizontal por- 
tion of the liquid surface. 

It is obvious that Ferguson’s experiment with the sphere 
suspended from the balance arm would have been impossible 
if the maximum development of forces occurred when the low- 
est point of the sphere was below the level portion of the liquid 
surface. It would, in fact, be impossible under otherwise sim- 
ilar conditions, and using a sphere larger than 9.8 cm radius. 

Considering the case of a segment of a sphere suspended 
from the spring of a Jolly balance, as is the case in Bhatnagar’s 
experiment, it is evident that the rupture between the sphere 
and the liquid in the dish will not take place before the forces 
acting on the sphere are at their maximum. This maximum 
occurs when the first derivative of the forces pulling down be- 
comes zero, but, since the force pulling the sphere up also var- 
ies differentially with the vertical motion of the sphere, rup- 
ture does not occur at the point of maximum development of 
the forces, because at this point a slight upward movement of 
the sphere will decrease the force pulling up more than it 
decreases the force pulling down. 

In general, for a solid of any shape being pulled from a 
liquid surface, the position in which rupture occurs is fixed by 
the equality between the first derivative of the force pulling 
the solid up and that of the forces pulling it down, rather 
than by the maximum development of these forces. In 
the case of the gravity balance, the derivative of the 
force pulling up is zero, and the rupture occurs when the 
forces pulling down reach a maximum, that is, when their 
derivative becomes equal to zero. If the force pulling up 
varies with the differential vertical motion of the solid, the 
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position of rupture is that position after the maximum devel- 
opment of forces is obtained in which the derivative of the 
forces pulling down equals that of the forces pulling up.* 

In Bhatnagar’s experiment the rupture between the liquid 
and the sphere comes after the maximum development of forces 
and when the lowest point of the sphere is above the level or 
“free” portion of the liquid surface. The level liquid surface is 
lower in the dish at the time of breaking the contact than at the 
time of making it, since some of the liquid is lifted up with the 
sphere. The amount of this lowering of the liquid surface in the 
dish would depend, among other things upon the size of the dish. 
These two errors, i. e., the lowering of the liquid surface in the 
dish and the lifting of the lowest point of the sphere above the 
level liquid surface at the time rupture occurs, tend to com- 
pensate each other under the conditions of Bhatnagar’s experi- 
ment. In addition to these errors there is the misinterpretation 
of Ferguson’s formula, so that Bhatnagar’s results are of little 
value as to their absolute accuracy. Their relative values as 
compared with one another are doubtless correct. 

The lowering of the level liquid surface in the dish due to 
some of the liquid being lifted by its contact with the sphere 
would also be a factor for consideration in Ferguson’s experi- 
ment with the segment of the sphere suspended from the pan 
of the gravity balance, and Ferguson has apparently overlooked 
this. In this case, however, the area of the dish might have 
been so large that the error introduced by neglecting this 
factor would have been negligible, which is not likely to have 
been the case in Bhatnagar’s experiment. 

Idaho School of Mines 
Moscow, Idaho 

^ For a mathematical discussion of the forces involved in the case of a 
wedge-shaped solid suspended from a Jolly balance spring, and a method of mea- 
suring surface tensions thereby, see Pamphlet No. 1, of the Idaho Bureau of Mines 
and Geology — “Interfacial Tension Measurements and Some Applications to Flo- 
tation” by R. B. Elder, and for further discussion of the subject and description 
of an apparatus for accurately and rapidly measuring surface tension by this 
method, see “Surface-Energy and Adsorption in Flotation” by A. W, Fahren- 
wald; Min. and Sci. Press, 123, 127 (1921). 



REACTIONS IN FUSED SALT MEDIA. II 
STUDIES IN SOLVOLYSIS 


BY J. F. G. HICKS WITH WALLACE A. CRAIG 

In a previous paper^ it was pointed out that the mechanism 
of the interactions between certain fused salts and certain 
solutes dissolved by them probably resembled hydrolysis 
quite closely. A study of the interactions of both lead oxide 
and lead chromate with fused sodium chloride furnished evi- 
dence for such a conclusion, as did also a study of the behavior 
of lead chromate in the presence of a fused mixture of sodium 
and potassium nitrates (q.v.). For such reactions the name 
“solvolysis” was suggested. It was the purpose of this inves- 
tigation to ascertain whether these “solvolyses” were or were 
not true equilibria, thereby defining their relation to hydrol- 
ysis. 

I. Hydrolysis Experiments 

These were carried out for a twofold purpose: (1) to 
furnish a means of comparison when studying the solvolytic 
(fusion) reactions from the standpoint of the mass law, and 
(2) to further establish the analogy between hydrolysis and 
solvolysis through the formation of analogous “basic lead 
chromates” by the two methods. 

A. Hydrolysis Under Ordinary Pressure: (a) Lead Chro- 
mate . — Increasing quantities of lead chromate were boiled wdth 
100 grams of water, loss from evaporation being made up 
from time to time. The resulting “basic lead chromates” 
varied in color from dark yellow to very deep orange ; no red 
ones were observed, nor did the hand-lens (Hastings triplet) 
reveal any red particles. At the end of each experiment a 
known quantity of ferrous ammonium sulphate was added 
to the filtrate from the insoluble “basic chromate” and the 
excess Fe+‘'‘ titrated with potassium permanganate in the usual 
manner. 

‘ Jour. Phys., Chem., 25, 545 (1921). 
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The continuous increase in weight of initial samples has 
no particular significance. The samples were weighed out, 
arranged in order of increasing weight and then treated. 
This order of treatment was selected in order that the largest 
sample should be exposed to the action of a particular reagent 
for the longest time. The above arrangement holds true for 
all similar succeeding series of experiments. 

Results of hydrolysis experiments are tabulated below: 

Tabi,e I* 


Hydrolysis of bead Chromate at 100°. Concentration of H 2 O 
Constant; of PbCr ()4 increasing 


Time 

(minutes) 

Init. CrOj 
(mols) (weighed 
as PbCrO,) 
(M) 

CrOa in filtrate 
(mols) 

(m) 

* 1 init CrO,< 
removed by 
hydrolysis 

^ hyd roly. sis 
_ m 

M - m 

10 

0.0018 

0.053 

0.17 

0.0017 

20 

0.(X)29 

0.055 

0.17 

0.0017 

80 i 

0.0089 

0.058 

0 21 

0.0021 

40 1 

o.fxirio 

0.0418 

0 88 

0 0082 

80 

0.0070 

0.0444 

0.58 

0.0058 

00 

0.(M)90 

0.04()5 

0.72 

0 0078 

70 

0.0105 

0 0191 

0 87 

0 0087 

SO 

0.0122 

0.08177 

0.90 

0 0097 

00 

0.0180 

0.08183 

1.02 

0.0103 

100 

0 0148 

0.08100 

1 08 

0.0109 

no 

0.0159 

0.08184 

1.10 

0 0111 

120 

0.0182 

0.08218 

1.19 

0.0121 

180 

0 0190 

0.08245 

1.25 

0.0127 

140 

0.0218 

0.08277 

1.80 

0.0132 

150 

0.0224 

0.08284 

1.27 

0 . 012 s 

1()0 

0.0251 

0 08881 

1.82 

0.0125 

170 

0.0274 

0.03853 

1.29 

0.0131 

180 

0.0287 

0.03878 

1.80 

0.0132 

190 

0.0318 

0 08891 

1.25 

0.0127 

200 

0.0822 

0.08409 

1.27 

0.0129 


(5) Lead Oxid . — Boiling with water for 6-8 hours did not 
dissolve sufficient PbO for the estimation of Pb++. The acid- 
ified filtrate darkened when saturated with H 2 S. 


* The writer gratefully acknowledge.s his indebtedness to Mrs. Mary B. 
Hicks for assistance in checking this and subsequent tables. 
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(c) Lead Chromate-Lead Oxid (50-50 molar % mixture ). — 
This mixture was hydrolyzed by boiling for seven hours as for 
the other hydrolyses. The reddish orange “basic lead chro- 
mate’’ contained 81.78% PbO and 18.06% CrOs. 

B. Hydrolysis Under Increased Pressure:* (a) Lead 
Chromate. — Lead chromate and an excess of water were 
heated in sealed bomb-tubes in the usual manner. 

Analytical procedure was the same as for the hydrolyses 
under ordinary pressures. Results are tabulated below: 


Table II 


Hydrolysis of Lead Chromate under Increased Pressure 


No. 

Temp. 

(’’C) 

j 

Time 
(hrs ) 

Init. mols 
CrOa 
(weighed 
as 

PbCr04) 

(M) 

CrO? in 
filtrate 
(mols) 
im) 

% of M 
removed 
by hy- 
drolysis 

^ hydrolysis 
m 

M — w 

1 

‘2 

!.}()- 165 
150 1.55 

1 1 

1 2 

0.19 

0.27 

0.009 

0 . 01:3 

4.7 

4.8 

0.049 

0.0.54 


Both “basic lead chromates” were deep orange in color, 
the second being slightly darker than the first. 

{b) Lead Oxid. — Lead oxid (PbO) was treated in the 
same manner as above. The acidified filtrate turned yellow- 
ish brown when saturated with HoS, but the resulting PbS 
could not be filtered out. It is probable that a larger quantity 
of PbO than indicated was in solution while the pressure was 
above normal, but precipitated when normal pressure was re- 
attained. 

(r) Lead Chromate-Lead Oxid molar % mixture ). — 

This mixture was treated as above, with excess water, in bomb- 
tubes. Results follow : 

• Acknowledgment is hereby made to Mr. E. L. Gustus for the prepara- 
tion of the bomb-tubes and the treatment of the samples hydrolyzed under in- 
creased pressure. 
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Table III 

Hydrolysis of 50-50 Molar % PbCr 04 -Pb 0 under In- 
creased Pressure 


No. 

c| 

Time 

(hrs.) 

PbO 

(%) 

CrO, 

(%) 

Color of residue 

1 

150-155 

1 

82.28 

17.58 

Deep orange-red 

2 

150-155 

2 

83.04 

16.22 

Deep orange-red 


II. Solvolysls Experiments 

A. Lead Chromate in “Nitrate F/ttac.”— Increasing quan- 
tities of lead chromate were “solvolyzed” in increasing quanti- 
ties of a fused mixture of sodium and potassium nitrates (50-50 


Table IV 


Solvolysis of PbCr 04 in Nitrate Flux at 225®-230'’. Concentration 
of both PbCr 04 and Flux increasing 


Time 

(minutesj 

Init. CrOs 
(mols) 
(weighed as 
PbCrO^) 

(M) 

C1O3 in filtrate 
(mols) (weighed 
as PbCrOa) 

(m) 

% init. CrO« 
removed by 
solvolysis 

K solvoly.sis 
_ m 

M — m 

10 

0.0015 

0.0413 

0.86 

0.01 

20 

0.0016 

0.0423 

1.44 

O.Ol 

30 

0.0017 

0.0446 

2.70 

0.03 

40 

0.0019 

0.03103 

5.42 

0.06 

50 

0.0020 

0.03159 

7.95 

0.11 

CO 

0.0022 

0.03245 

11.10 

0.10 

79 

0.0023 

0.0:3372 

16.19 

0.21 

80 

0.0026 

0.03543 

20.89 

0.24 

90 

0.0027 

0.03699 

25.13 

0.35 

100 

0.0028 

0.03788 

28.14 

0.40 

no 

0.0029 

0.03915 

31.55 

0.45 

120 

0.0032 

0.021129 

35.29 

0.52 

130 

0.0033 

0.021187 

35.99 

0.57 

140 

0.0037 

0.021372 

37.08 

0.61 

150 

0.0043 

0.021608 

37.39 

0.59 

100 

0.0045 

0.021675 

37.22 

0.67 

179 

0.0052 

0.021974 

37.14 

0.63 

180 

0.0054 

0.022038 

37.74 

0.59 

190 

0.0069 

0.022597 

37.66 

0.60 

200 

0.0076 

0.022862 

37.66 

0.62 
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molar %, eutectic at 218°)^ after the manner of the previous 
work in preparing “basic lead chromates’’ by fusion methods.* 
The solvolyses were performed simultaneously in porcelain 
crucibles in an oven at 225°-230°. The insoluble residues 
were bright red. The cooled fusions were extracted with water 
at room temperature (to avoid hydrolysis, which would in- 
crease the concentration of (Cr 04 )“ in the filtrates), and the 
CrOs determined as PbCr 04 in the usual manner. Results 
are tabulated in Table IV. 

In order to make sure that this “solvolysis’ ’ represented a 
true state of equilibrium, increasing quantities of lead chro- 
mate were fused with a nearly constant quantity of nitrate 
flux (37 g =*=0.05 g = 2 mols, approximately) for two hours 
at 226°-230°, using the same procedure as before. The 
difference in weight between successive initial samples of 
PbCr 04 were purposely made much larger than in the preced- 
ing series of experiments. Table IV would indicate that equi- 
librium is attained in about 100 minutes, hence a two-hour 
run should be sufficient. Should a true state of equilibriiun 


Tabi.e V 

Check-runs for Equilibrium. Solvolysis of PbCr 04 in Nitrate Flux 
at 225 ®-230 °. Concentration of Flux Constant ; of PbCr 04 increasing 


No. 

Init. CrOs 
(mols) (weighed 
as PbCrO^) 

(M) 

CrOs in filtrate 
(mols) (weighed 
as PbCr 04 ) 

(m) 

% of init. CrO., 
removed by 
polvolysLs 

K solvolysis 
m 

~M— m 

1 

0.0026 

O.IRXK) 

34.62 

0.53 

2 

0.0042 

0.0014 

.33.33 

0.50 

3 

0.0086 

0.0024 

27.91 

0.388 

4 

0.0162 

0.(K)40 

24.69 

0.328 

5 

0.0240 

0.0049 

20.42 

0.2.56 

6 

0.0306 

0.0054 

17.68 

0.214 

7 

0.0.355 

0.0058 

16.34 

0.195 

8 

0.0459 

0.0065 

14.09 

0.165 

9 

0.0588 

o.otmo 

11.73 

0.133 

10 

0.0621 

0.0072 

11.. 58 

0.131 


•Laadolt-BOmstein-Roth: “Physicalissche-chemische Tabellen,” 4 Auflage, 
pp. 611-636. 

*Jour. Phys. Chem., 25, 545 (1921). 
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obtain, the CrOa removed by solvolysis should increase with 
the time, but the percent of a mol of CrOs so removed should 
decrease. Results are shown in Table V. 

These results indicate a true state of equilibritun between 
lead chromate and the fused nitrate flux. 

B. Lead Chroma^ in Fused Sodium Chhrid. — Since 
a temperature of 850°-870° could not be obtained in an 
ordinary oven, these solvolyses could not be run simul- 
taneously. The porcelain crucibles containing the several 
fusion-mixtures were heated in a resistance-furnace which 
accommodated but one crucible at a time. The insoluble 
residue was orange to light brown in color. The temperature 
was controlled by means of a Pt/Pt-Rh thermo-couple. In 
other respects the procedures were the same as before. Results 
of this series of solvolyses are tabulated below : 


Table VI 

Solvolysis of PbCr 04 in Fused Sodium Chlorid at 850 ° 870°. Rela- 
tive Concentration of Both PbCr ()4 and NaCl increasing 


Time 

(minutes) 

1 

Tnit, CrOa (mols) 
(weighed as 
PbCr04) 

(M) 

CrOa in filtrate 
(mols) 
(weighed as 
PbCr04) 

(m) 

% init. CrOa 
removed by 
solvolysis 

j ^ solvolysis 
m 

M — m 

10 

0.0389 

o.a50 

0.67 

0.(X)7 

20 

0.0397 

0.0411 

1.13 

0.01 

30 

0.02109 

0.0417 

1.43 

0.02 

40 

0.02114 

0.0427 

2. IS 

0.03 

50 

0.02127 

0.0435 

2.70 

0.03 

00 

0.021.32 

0.0441 

3.11 

0.03 

70 

0.02130 

0.0450 

3.08 

0.04 

80 

0.02139 

0.0458 

4.17 

0.05 

90 

0.021.52 

0.0473 

4.80 

0.05 

100 

0.02155 

0.(M86 

5.01 

0.00 

no 

0.02101 

0.03102 

0..33 

0.07 

120 

0.02170 

0.03121 

0.87 

O.CKi 

130 

0.02182 

0.03133 

7.31 

0.00 

140 

0.02189 

0.03144 

7.60 

0.00 

1.50 

0.02197 

0.031.54 

7.82 

0.06 

160 

0.02203 

0.03105 

8.13 

0.00 

170 

0.02211 

0.0,3175 

8.29 

0.06 

180 

0.02217 

0.03180 

8.30 

0.05 

190 

0.02223 

0.03187 

8.38 

0.05 

200 

1 0.02229 

0.03191 

8.34 

0.05 
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In order to make sure that a true state of equilibrium 
existed in the system PbCr 04 -NaCl under the above conditions, 
a series of check-runs was made, using a nearly constant 
quantity of sodium chlorid (30 g =*=0.05 g = 0.5 mol-l-)( 
exactly as for the preceding series of check-runs with nitrate 
flux. Wider differences in weight between successive initial 
samples of lead chromate were purposely made, as before. 
Results follow; 


Table VII 

Check-runs for Equilibrium. Solvolysis of PbCr 04 in fused NaCl 
at 8.50°- 870°. Concentration of NaCl Constant; of PbCr 04 increas- 
ing 


No 

Init CrOa (mols) 
(weighed as 
PhCHh) 

(M) 

CrOa in filtrate 
(mols) 
(weighed as 
PbCr04) 

(m) 

^ C init. CrOa 
lemoved by 
solvolysis 

^ solvolysis 
m 

M — m 

1 

().0()17<S 

0 00012 ! 

0 . 74 

0.0724 

2 

0.00377 

O.OOOK) 

4.24 

0.0444 

3 

0,00()o3 

0.00018 

2.70 

0.0284 

4 

0.0117 

().0(K)21 

1 79 

0.0183 

5 

0.0149 

0 00022 

1.47 1 

0.0150 

() 

0 01 58 

0.00022 

1,39 

0.0141 

7 

0 0213 

0.00028 

1 .31 

0 0133 

8 

0.0227 

0.00029 

1 .28 

0.0130 

9 

0.0248 

0.00031 

1.25 

0.0120 

10 

0.0294 

0.00035 

1 19 

0.0120 


These results indicate a true state of equilibrium for the 
system PbCr 04 -NaCl under the recorded conditions. 

C'. Lead Oxid in Fused Sodium Chlorid . — It has been 
shown^ that one mole of lead oxid (PbO) completely dis- 
solves in five mols of fused sodium chlorid at 880° and 
that conversion to lead chlorid is practically complete in 
two hours. Hence one should expect a very nearly com- 
plete reaction at a temperature slightly above the melting- 
point of sodium chlorid; the solvolyses were carried out at 
85()°-87()° as in the case of lead chromate. In view of this, 
one should also expect that the calculation of a constant of 


‘ Jour. Phys. Chem , 25 , 54.5 (1921). 
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solvolysis would be of no value, and that a series of check- 
runs, made in the previous series, should be omitted. The 
appended results would seem to justify this assumption and 
procedure : 


Tabi,b VIII 

Solvolysis of PbO in Fused NaCl at S 50 °- 870 ‘’. Relative Concen- 
tration of PbO and NaCl both increasing 


Time 

(minutes) 

Init. PbO 
(mols) 

PbO (mols) 
solvolyzed to 
PbCU (weighed 
as PbCr 04 ) 

% init. PbO 
solvolyzed to 
PbCb 

10 

0.0008 

0.0001 

12.50 

20 

0.0009 

0.0004 

44.44 

30 

0.0010 

0 .( X ) 0 () 

00. 00 

40 

0.0011 

0.0009 

SI . 82 

50 

0.0012 

0 0010 

83.33 

60 

0.0013 

0.0012 

92.31 

70 

0.0014 

0 .( K )13 

92.86 

80 

0 . 001.5 

0.0014 

93.33 

90 

0.0016 

0 001.5 

93.75 

100 

0.0017 

0.0016 

94.12 

110 

0.0018 

0.0017 

94.44 

120 

0.0019 

0 0018 

94.74 

130 

0.0020 

0 .( M )!9 

95.00 

140 

0.0021 

0.0020 

95.24 

1.50 

0.0022 

0.0021 

95.45 

IGO 

0.0023 

0.0022 

95.65 

170 

0.0024 

0.0023 

95.83 

180 

0.0026 

0 . 002.5 

96.15 

190 

0.0027 

0.0026 

96.29 

200 

0.0028 

0.0028 

96.43 


These results point to a completion of reaction, or at least 
to a set of conditions under which the reaction would soon 
be completed. The insoluble residue was white, containing 
a small quantity of admixed PbO (orange). From these and 
the previous observations it would seem practically certain 
that the reaction would be complete at a temperature not 
much higher than that of the experiments. An inspection 
of the table will also show that the calculation of a constant 
of solvolysis would be without significance. 
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Tabi^e IX 

Solvolysis of Silver Chromate in Nitrate Flux at 230°-240°. Con- 
centration of Flux Constant; Concentration of Silver Chromate in- 
creasing 


j 

Time 

(minutes) 

Init. CrOa (mols) 
(weighed as 
Ag2Cr04) 

(M) 

CrOa in fil- 
trate (mols) 
(weighed as 
Ag2Cr04) 
(m) 

% init. CrOa 
removed by 
solvolysis 

^ solvolysis 
_ m 

M — m 

10 

0.03753(> 

0.04742 

9.08 

0.109 

20 

0.0215071 

0.04507 

3.77 

0.039 

30 

0.0222007 

0.04202 

1.17 

0.0175 

40 

0.0230142 

0.04172 

0.571 

0.00.57 

50 

0.023707S 

0.04103 

0.433 

0.0044 

fU) 

0.0245214 

0.04127 

0.281 

0.0028 

70 

0.0252750 

0.04220 

0 417 

0.0042 

80 

0.0200284 

0.0.506 

0.109 

0.0011 

90 

0.0207820 

0,0.599 

0.140 

0.0015 

100 

0 0275355 

0.041.30 

0.173 

0.00173 

no 

0.0282891 

0.04148 

0.179 

0.0018 

120 

0.0290426 

0.0554 

0.000 

0.0000 

130 

0.0297902 

0.0.599 

0.101 

0.0010 

140 

0.010.5497 

0.04142 

0.1.35 

0,001.35 

150 

0.0113033 

0.04154 

0.136 

0,0014 

100 

0.0120568 

0.04115 

0.095 

0.00095 

170 

0.0128104 

0.04142 

0.111 

0.0011 

ISO 

0.01.35039 

0.04105 

0.078 

0.0008 

190 1 

0.0142175 

0.04151 

0.106 

0 0011 

200 1 

0.0150710 

0.0590 

0.000 

0.0000 


Table X 

Solvolysis of Silver Chromate in Fused Sodium Chloride at S50°™870*^. 
Constant Concentration of Flux; increasing Concentration of Silver 

Chromate 


Time 

(minutes) 

Initial CrOs (mols) 
(weighed as 
Ag2Cr04) 

CrOa equivalent 
to ppt. AgCl 
(mols) 

% initial CrOa 
solvolyzed out 

5 

0.03392 

0.03391 

99.7 

10 

0.037,54 

0.03719 

95.3 

15 

0.02115 

0.02112 

97.4 

20 

0.02151 

0.02148 

98.0 

25 

0.02187 

0.02179 

95.7 

30 

0.02220 

0.02224 

99.1 

40 

0.02.301 

0.02297 

98.0 



572 


J. F. G. Hicks with Wallace A. Craig 


D. Silver Chromate in Nitrate Flux . — The procedure 
for this series of solvolyses was the same as for lead chro- 
mate except that the temperature of operation was 
230°-240°. This would lead one to expect a state of equi- 
librium to be attained in a shorter time than in the previous 
solvolyses, which prediction was borne out experimentally. 
Equilibrium is attained at 80 minutes at 23()°-240° as against 
100 minutes at 225°-230°. The extent of the solvolysis- 
reaction could not, of course be predicted, it depending upon the 
nature of the substance solvolyzed and the solvolyzing medium. 


Table XI 

Solvolysis of Barium Chromate in Nitrate Flux at 2.‘10°-240°. Concen- 
tration of Flux Constant; of Barium Chromate increasing 


Time 

(minutes) 

Initial CiOa 
(mols) (weighed 
as BaCr 04 ) 

(M) 

CrOj in filtiates 
(mols) (weighed 
as BaCrO^) 

(m) 

! 

[c in it. CrO.} 
removed by 

I solvolysis 

^ solvolysis 
m 

■“M-w 

10 

0.000987 

0.000181 

18.75 

0 229 

20 

0.00198 

0.000187 

9.48 

0.104 

30 

0.00296 

0.000257 

8.69 

().09() 

40 

0.00395 

0.000201 

5.11 

0 0.54 

50 

0.00494 

0 000232 

4.70 

0 (Mil 

60 

0.00593 

0.000238 

4.01 

0.(W2 

70 

0.00091 

0.000221 

3.21 

0.033 

80 

0.00790 

0.0(M)218 

2.7() 

0.029 

90 

0.00890 

0.0002()3 

2.96 

0.0:30 

100 

0.00980 

0.000.340 

.3.44 

0.0.36 

no 

0.01085 

0.000286 

2.6.1 

0 027 

120 

0.01184 

o.ooo:n8 

2.85 

0.0:30 

130 

0.0128:1 

0.000.321 

2.. 50 

0.026 

140 

0.01381 

0.0003.56 

2.. 57 

0.027 

150 

0.01480 

0.fK)03.38 

2.28 

0.024 

160 

0.01580 

0.000296 

1^87 

0 019 

170 

0.01680 

0.000.3:34 

1.99 

0.020 

180 

0.01779 

0.000.327 

1.84 

0.019 

190 

0.01879 

0.000:3.34 

1.78 

0.018 

2(M) 

0.01975 

0.000411 

2.08 

0.021 


In order to save time, a nearly constant quantity of flux 
was used in each solvolysis, that is, the procedure of the check- 
runs for lead chromate solvolysis (Table V) was followed rather 
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than that of the other runs (Table IV). Since a state of equi- 
librium was shown to exist in this and other similar experi- 
ments, it seemed safe to assume such a state in these solvolyses. 
In this way double work was saved. 

Twenty samples of silver chromate varying in weight from 
0.25 gram to 5.0 grams were solvolyzed with 25 grams ( = 1 = 0.05 
g) of the nitrate flux. The CrOa removed by the solvolysis 
was determined as silver chromate in the usual manner. 
Results are shown in Table IX. 

£. Silver Chromate in Fused Sodium Chlorid. -Seven sam- 
ples of silver chromate were fused with a constant quantity 
(25 g =fc0.05g) of sodium chloride at 850 ° 870°. Complete 
solvolysis is brought about almost immediately, as an in- 



No. 1. Hydrolysis of lead chromate at 10()°. PbCrC )4 increasing :H20 
constant 

No. 2. Hydrolysis of lead chromate under pressure at loO®- 155*. 

No. 8 Hydrolysis of 50“5() molar percent PbO-PbCrOj underpressure. 
No. 4. Solvolysis of PbCr 04 in nitrate flux at 225 *-280° Concentra- 
tion of flux and PbCr 04 incrcitsing 
No. 5 Solvolysis of PbCrO^ in nitrate flux at 225°- 280° 

Flux constant : PbCrO^ increasing 
No. 6. vSolvolysis of PbCr 04 in fused NaCl at 850°-S70° 

NaCl and PbCr 04 increasing. 

No. 7. Solvolysis of PbCr 04 in fused NaCl at 850°-870° 

NaCl constant : PbCr04 increasing 
No. 8. Solvolysis of AgCr 04 in nitrate flux at 280°-240° 

Flux constant : AgCr 04 increasing 
No. 9, Solvolysis of BaCr 04 in nitrate flux at 280°-240° 

Flux constant : BaCr 04 increasing 



574 


J. F. G. Hicks with Wallace A. Craig 


spection of the results will 
tion proceeds to completion, 



show (Table X). Since the reac- 
a “constant of solvolysis’’ would 
have no signification, and was 
not calculated. Results are 
shown in Table X. 

F. Solvolysis of Barium 
Chromate in Nitrate Flux. — In- 
creasing quantities of barium 
chromate were solvolyzed with 
constant quantity (25 g =^0.05 
g) of “nitrate flux’’ at 230°— 240°, 
from 10 to 200 minutes, at ten- 
minute intervals. The usual 
procedure was followed. The 
cold fusions were extracted with 
cold water, and CrOa determined 
in the filtrates in the usual man- 
ner. Results are shown in T able 
XI. 


No. 1. Solvolysis of PbO in fused It had been planned to study 

NaClat&%'’-870®. NaCland solvolysis of barium chro- 

PbO increasing. x • r j j- -j 

c ^ n n ■ mate m fused sodium chloride. 
No. 2. Solvolysis of AgCrO« in ’ 

fused NaCl at sso'-syo'. NaCl Dut time did not permit. 

constant. AgCrOi increasing. For the Sake of convenience 

of comparison a series of graphs have been prepared, in which 
the percentage of initial CrOa removed by solvolysis has been 
plotted against the time of solvolysis, Figs. 1 and 2. 


III. Summary; Conclusions 

(1) Solvolysis of lead, silver and barium chromates by a 
fused mixture of sodium and potassium nitrates (50-50 molar 
%) represent states of equilibria analogous to hydrolysis. 
Of these reactions the solvolysis of lead chromate is the most 
complete, that of barium chromate next, and that of silver 
chromate the least complete. The regularity with which the 
constants of solvolysis vary between consecutive observations 
follows the same order. The marked irregularity in the case 
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of silver chromate suggests the possibility of another factor 
entering into the reaction; this will be investigated later. 

(2) Solvolysis of lead chromate by sodium chlorid (fused) 
also represents a true state of equilibrium. In the case of 
silver chromate the reaction proceeds to completion ; it was not 
tried for barium chromate. 

(3) In the solvolytic reactions studied, equilibrium is 
attained in about 100 minutes. Constants of solvolysis can 
be calculated with a fair degree of accuracy, considering the 
conditions of experimentation. 

(4) Solvolysis of lead oxid by fused sodium chlorid 
proceeds practically to completion at 850 "-STO*^. This was 
expected, and confirms previous observations. The complete 
solvolysis of silver chromate by fused sodium chlorid at 
850°-870° is brought about in a shorter time. 

(5) The present investigation would seem to show that 
lead chromate and lead oxid (PbO) combine by simple 
“molecular addition” after part of the former has undergone 
solvolysis in the nitrate flux. In order words, the red “basic 
lead chromates” are “higher order” compounds. 

(6) The relatively small degree of solvolysis of lead chro- 
mate and the practically complete solvolysis of lead oxid 
(PbO) by the same reagent under the same conditions will 
account for: 

(a) The failure to obtain red “basic lead chromates” 
when a fusion containing lead chromate, lead oxid (PbO) 
and sodium chlorid is quickly cooled. 

(b) The appearance of the red “basic lead chromates” 
when such a fusion as the above (a) is slowly cooled. * 

(7) A study of the solvolytic reactions apparently con- 
firms the assumption of the dissociation Pb 2 Cr 05 **"7 PbO -|- 
PbCr 04 . This assumption was previously offered as an ex- 
planation of the failure to obtain red “basic lead chromates” 
when a fusion containing lead chromate, lead oxid (PbO) 
and sodium chlorid was poured into water, and agrees well 

> Jour. Phys. Chem., 2S, 545 (1921). 
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with the evidence offered by the thermal equilibrium diagram 
plotted for the system lead chromate-lead oxid.‘ 

(8) Graphs showing the rates of solvolysis for the differ- 
ent reactions studied have been plotted. 

Stanford University 
California 

^ Jour. Phys. Chem., 25 , 545 (1921). 



ON THE CONDUCTIVITY OF THE LATENT IMAGE 


BY A. G. RABINOVICH 

The nature of the latent image, i. e., of the invisible 
image, which exists in the exposed, but undeveloped photo- 
graphic plate, is not clear till now. There are many theories' 
which attempt to reduce it to chemical or physical changes of 
the sensitive layer, but no one of them could prevail over the 
others. The causes of this are; that the latent image can be 
produced not only by light, but also by other factors, that its 
character depends both on the sensitive silver halide and on the 
properties of the gelatine film, in which it is emulsified; but 
the principal cause is that the amount of silver bromide changed 
by light, forms such a small part of the whole that it could be 
detected by no analytical means. 

The adherents to the “physieal” theories describe the 
latent image as the alteration only of the physical properties 
of silver bromide, without chemical decomposition of its 
molecules: such are Chapman Jones, and Namias, who re- 
duce it to polymerization; Hurter and Driffield on the con- 
trary' — to depolymerization; DeHeen- — to ionization (with- 
out separation of ions) etc. 

The adepts of the “chemical” theories believe that the 
formation of the latent image consists in the reduction of 
AgBr, the particles of which are decomposed under the ac- 
tion of light. Abegg and Ostwald suppose that a part of 
the molecules of AgBr are reduced to metallic silver, forming 
each a “nucleus” or germ around which further quantities of 
silver are deposited during the developing process. 

The upholders of the “subhalide” theory, which predom- 
inated at a certain time (Eder, Luther, Baur, Schaum, Trivelli 
and others) believe that silver bromide is reduced not to silver, 


^ For the bibliography sec W. D. Bancroft: Jour. Phys Chem., 15, 313, 
551(1911); 16,29,89 (1912); 17,93(1913). 

* De Heen: Bull. Ac. roy, Belg. sc., 1910, 546. 
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but to a compound containing less halogen than AgBr, a 
“subhalide,” as AgsBr. 

After Carey Lea’s discovery of colloidal silver in many 
coloured modifications and of photohalides a new “adsorption” 
theory arose, taking the latent image for silver bromide which 
has adsorbed the subhalide. Later another theory (R. Lorenz, 
Liippo-Cramer, W. Bancroft, Reinders and others) has been 
put forward, where the adsorbed substance is supposed to be 
colloidal silver. 

The partisans of the old theories have not all been con- 
vinced by the arguments of the supporters of the new one, and 
polemics on the pages of photographic and general scientific 
journals continue till today. 

The elucidation of the nature of the latent image may be 
advanced by the investigation of its physical properties. 
Many of them are known. Yet, there is no sufficient experi- 
mental material on the important question about the possible 
change of the electrical conductivity of the photographic plate 
after insolation, i. e., how the formation of the latent image 
does influence the conductivity of the plate. This question 
was investigated by H. Meyer,* but only in application to the 
chromated gelatine, where the process is of course different 
from that in the bromogelatine silver emulsion. The resistance 
of the last (in the wet state only) has been measured by Nov^k^ 
by means of alternating current wire bridge and a sensitive 
dynamometer. He has found that when a wet plate is ex- 
posed to the light of an Auer burner its resistance decreases at 
once very little, then increases during an hour to 1%, then di- 
minishes again, falling to a value lower than before the ex- 
periment. In this work the effect of the heating by the source 
of light has not been measured, the exposure was much longer 
than usual and gave not a normal image, but rather an effect 
of solarization. Therefore the work of Nov6k does not give 

‘ H. Meyer: Zeit. wiss. Photogr., Photoch., 8, 1 (1910); Zeit. phys. Chem., 
66. 48 (1909). 

® V. Novak: Sitzung.sber. Rgl. BOhm. Ges. Wiss., 1902, 41 (with a brief 
English summary). 
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a clear reply to the question, how the conductivity of the 
layer changes when a latent image be formed in it. 

On the other side, however, there are many papers stat- 
ing the influence of light on the conductivity of individual 
(pure) substances. Such are first the numerous works de- 
scribing the well-known properties of selenium. Later the same 
property (increase of the conductivity under the influence of 
light) in the less pronounced manner has been found in some 
other substances, especially of mineral origin, e. g., the com- 
pounds of sulfur, arsenic, etc., with heavy metals.* Arrhenius^ 
has shown that the conductivity of thin films of halide silver 
salts increases in all parts of the visible spectrum approxi- 
mately in proportion to the (photometric) intensity of the 
light. The maximum of the light action was observed on the 
boundary' between the visible and the ultra-violet parts of 
the spectrum. When the salts have been impregnated with 
optical sensitizers, the maximum of the light action migrated 
to the maximum of light absorption of the given sensitizer. 
Rudert" also found a decrease of resistance of cuprous iodide 
under the influence of light. ScliolT exposed thin membranes 
of silver iodide to the light of an arc lamp, which made their 
conductivity 40-50 times larger than before. From the diffu- 
sion, he calculated the velocity of migration of the electricity 
bearers and found it to exceed many times all known ionic ve- 
locities. He concluded from this that the bearers of electricity, 
which appear in the Ag under the action of light, are free 
electrons. W. Wilson'* has studied the photoelectric effect 
in Agl by another method : in front of the plate of silver iodide 
exposed to the influence of light he placed a copper plate which 
caught the electrons emitted by Agl, and the quantity of elec- 
tricity brought away by them was measured by a special device. 

> Pfund: Phys. Rev., 7, 298 (1910); T. W. Case, Phys. Rev., 9, 305 
(1917); Martin: Phys. Zeit., 12, 41 (1911). 

* Arrhenius: Sitzungsber. Akad. Wiss., Wien, 96, 831 (1887). 

® Rudert: Ann. Phys., (4) 31, 559 (1910). 

^ Scholl: Zeit. wiss. Photogr., 4, 1 (1906). 

5 W. Wilson: Ann. Phys., (4) 23, 107 (1907). 
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All these works suggested the idea that the galvanic re- 
sistance of the light-sensitive layer of the photographic plate 
might decrease under the influence of light, and that the ap- 
pearance of the latent image could be reduced to a purely 
physical phenomenon — ^the increase of the number of free 
electrons (in parts of the plate exposed to light). For the 
definitive resolution of this question the change of conduc- 
tivity of the sensitive emulsion under the influence of light 
had to be studied experimentally. The present work was 
undertaken for this purpose. 

The resistance was measured by means of a method pro- 
posed by W. Siemens' developed by H. Meyer" and carefully 
studied by us.® This method allowing the measuring of enor- 
mous resistances by means of instruments of relatively low 
sensitivity, eonsists in charging a condenser through the re- 
sistance under test during a given time and in the following 
discharge of the same condenser through a ballistic galvano- 
meter. In the course of improvement of this method principal 
weight had to be laid on the elimination of the sources of ac- 
cidental irregularities as e. g., thermo-currents from the hands 
of the observer, residual charge of the condenser, polariza- 
tion of the resistance, dissymmetry of deflections, inconstancy 
of contacts, etc. After the removal of all these causes of 
errors the method allowed to measure resistances of about 
10®-1()'“ ohm with an accuracy of 0.5-1 .0%. 

As the glass plate bearing the layer presented too high a 
conductance, light-sensitive films were studied where the con- 
ductivity of the celluloid film is only one-twentieth of that of 
the layer. Contacts consisted of tin-foil and Hofman’s chem- 
ical clips. To exclude the conductance by the gelatine layer 
covering the back-side of certain films it was isolated from 
tin-foil by thin ebonite plates. The electrical conductivity of 
such a film “Premo” Kodak lAd. of the size 5 X 10 mm. at 
18°-2()°C was of the order of magnitude 10~“ ohm~' cm~'. 


^ W. Siemens: Wissenschaftliche und technische Arbeiten, 1, 137 (1889). 
2 H. Meyer: loc cit. 

* It will be described in another paper. 
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The first experiments showed that this value depends in a high 
degree on the temperature and on the hygrometric state of 
the atmosphere. To protect the film from these external in- 
fluences and from light, we placed it with the contacts in a 
black wooden box with a glass window which coidd be closed 
tightly by a card-board cover pasted over with black velvet. 
Two wires entered this box through paraflin and ebonite in- 
sulators and were connected with the contacts by means of 
the above-mentioned clips. A thermometer divided into 
fifths of a degree and allowing fiftieths to be read was intro- 
duced into the same box. As the exposure to light always 
heated the film the temperature coefficient of its electrical re- 
sistance was measured first. For this purpose the box was 
heated from outside to 1 °-2° by means of a hot-air current from 
an electrical fan “Foen.” 

All readings on the thermometer and galvanometer 
were taken every three minutes. The results are given in 
Table I and on the one curve (Fig. 1), where values of time in 
minutes are plotted as abscissae and those of temperature t 



in degrees for the one curve (circles) and those of galvanometer 
deflections in mm on the scale for the other (crosses) are plotted 
as ordinates. Two short lines with the inscription F show the 
moments, where heating with the “Foen” has been applied 
to the whole apparatus. 
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Table I 


Reading 

at 

Deflection 

N 

Temp, t 
degree 

Mean 
temp, t 
degree 

Mean 

temp. 

coef. 

percent 

M.t.c 
of exp. 
percent 

llh. 54' 
57' 

+53.1 

-53.3 


18.09 

18.09 







12h. 5' Heating of the box during 30" by a hot air current from 
“Foen” 


6 ' 

9 ' 

12 ' 

15' 

17' 

18' 

21 ' 

24' 

27 * 

30' 

30' 

39' 

42' 


+53.8 

-57.2 

-57.4 

+57.2 

Heating during 
-58.0 
+02.0 
- 01.8 
+00.8 
-59.2 
—57.2 
+50.7 
-50.3 


18.18-18.50 

18.80-18.80 

18.90- 18.90 
18.85-18.83 

30" “Foen” 

18.90- 19.22 
19.50-19.54 
19.53-19.47 
19.37-19.30 
19.20-19.11 

18.90- 18.85 
18.82-18.80 
18.73-18.71 


18.34 

18.83 
18.90 

18.84 

19.00 

19.52 

19.50 

19.34 
19.15 
18.88 
18.81 
18.72 


10 

9.7 

10.0 


9.5 

11.5 

11.4 

11.0 

10.0 

9.3 

9 

9 


13 

5.0 

0.2 

0.8 

10 

18.8 

11.3 

15 

13 

13 

8 


45' 

48' 

51' 


-55.7 
+55.0 
— 55.2 


18.70-18.08 

18.05-18.63 

18.00-18.00 


18.09 

18.04 

18.00 


From the data of this experiment the mean temperature 
coefficient' has been found to be approximately 10% per 
degree (cf. Table I and the curve in Fig. 1 — circles with crosses 
inside). This is an extraordinarily high value exceeding from 
three to five times the same coefficient for liquid conductors. 
After this, film s were exposed to light. To protect them from 
heating by red and infra-red rays, bearing the greater part of 
the energy of the spectrum, the glass window of the box was 
covered with a cobalt glass, which absorbed these rays and al- 
lowed the most actinic blue and violet rays to pass. 


1 For this calculation changes of N and T® from the initial state (N * 53 . 1 , 
t® = 18.09®) to the respective reading were used. In the last column (U.t.c. 
of exp.) mean temperature coefficients are given calculated fiom changes of N 
and t® from one reading to the next one. This method, more sensitive than the 
first one, gives figures which depend in a high degree on the accidental inaccura- 
cies of every reading. Therefore only the mean temp. coef. from the initial 
state are tabulated in further tables and represented graphically. 
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Sun was taken as the source of light. Its rays were deflected 
by two mirrors into the box and fell upon the film. Readings 
on the thermometer and the galvanometer were made every 3 
min., beginning a certain time before the exposure to light and 
continuing for some time after its action has ceased. The results 
of a typical experiment are given in Table II and the Fig. 2. 



Fig. 2 

Table II 


2.S-IV1917. Battery--20()el. 
C = */ 2 MF. High sensitivity 


Reading at 

Deflection N 

Mean temp, t 
degree 

mean 

temp coeff. 
percent 

lOh. 32' 

+51.8 

18.21 

— 

nil. 

+54.5 

IS.. 57 

— 

llh. 3' 

-.54.5 

18.60 

13 

llh. 7' 

+54.9 

18.62 

14.3 

13' Beginning of the exposure: mirrors and cob. glass 

14' • 

+55.8 

18.71 

15 

17' 

-.57.2 

18.83 

18 

19' 

+58.6 

18.87 

20 

25' 

+59.8 

19.06 

18 

28' 

-60.5 

19.15 

18 

31' 

+61.3 

19.24 

IS 

35' End of exposure; box closed 


37' 

+60.6 

19.23 

16 

40' 

-60.1 

19.19 

16 

42' 

+59.0 

19.14 

15 

45' 

-58.4 

19.09 

14 

48' 

+57.9 

19.06 

13.6 

llh. 52' 

-57.5 

19.00 

13.6 

12h. 7' 

+.56.0 

18.89 
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It can be seen from these data that the curve of galvano- 
meter deflections (nearly proportional to the conductivity) 
rises, following closely the curve of temperature increase 
i. e., the same as in Fig. 1, where heating was not accompanied 
by the action of the light. 



Table III 

12/V 1917. Same conditions as in Table II 


Reading at 

Deflection N 

Mean temp t 
degree 

Mean 

temp coefF. 
percent 

lOh. 48' 

4-102.0 

19.80 

— 

54' 

+ 1()2.S 

19.85 

— 

57' 

-102.0 

19.88 

— 

llh. 

4-103.4 

19.90 

8 

9' 

-104.0 

19.93 

10 

11' Beginning of the expos, to .sun-light 

: mirrors and 

cob glass 

12.5' 

+ 105.0 

19.94 

17 

15' 

-100.4 

20.00 

19 

IS' 

4-107.9 

20.00 

20 

21' 

-lOS.O 

20.17 

1() 

24' 

4-110.0 

20.22 

15 

25' End of exposure. Box closed 


27' 

-109.1 

20.20 

: 14 

30' 

+ 108.9 

20.25 

1 14 

33' 

-108.1 

20.22 

13 

39' 

4-100.9 

20.14 

1 ^2 

45' 

-105.6 

20.08 

1 10 
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For comparison we give in the Table III and Fig. 3 the 
results of similar observations made over an exposed developed 
and fixed film, which is no longer light-sensitive. 

The form of the curve is quite analogous to that in Fig. 
2. Light-sensitiveness does not affect the conductivity. Table 
IV and Fig. 4 represent a similar experiment with a fresh un- 



Viii 4 

exposed film with the only difference that the film received no 
direct sun-light, but diffused light from the clouds on a dull 
day. 


T.vble I\' 

.3'V, 1(117. Same conditions. Diffused light 


Reading at 

Deflection N 

1 Mean temp t 

1 degree 

lOh. 52' 

+;^s.o 

1().31 

5()' 


10.33 

llh. 

-I-3S.0 

10 . 3 :) 

4' 

-SH () 

10.38 

S' 

-f3S.S 

1() 40 



10.40 

in' 


10.40 

Begin of the exposure. Mirror and cob. glass 

Diffused light from clouds 

20' 

1 

10.41 

24' 

+39.1 1 

10.42 

20.5' 

-39.2 

10.43 

30' 

+39.2 

l(>.4r) 

33' 1 -39.2 

End of exposure, box closed 

10 45 

41' 

4-39.5 

10.47 

45' 

-39.4 

10 . 4,8 

51' 

4-39.3 

16.48 


Here the heating is insignificant, and the conductivity 
increase is very small. The action of light cannot be stated, 
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as before. The same result has been obtained (the 30/17 
Apr. 1917) with an exposed and developed film on a very dull 
day. No heating took place — ^tbe temperature and conduc- 
tivity were quite constant. 

If we calculate the mean temperature coefficient (as de- 
scribed above and plot them in curves 1-3 (in these figures) 
the values of the mean temperature coefficient (T.C.) are 
designated by crosses in circles) we can see that when 
heating only is applied (without action of light) the changes of 
T.C. are small (see Table I and Fig. 1) . If the film be exposed to 
light, the T.C. increase very rapidly (see Table II and Fig. 2), 
but decrease again after the action of light has ceased. These 
facts could be interpreted as a proof of an influence of light on 
conductivity. However, this is wrong, because the same phe- 
nomenon was observ’ed when a developed and fixed film, 
which is no longer light-sensitive, was exposed to light (see 
Table III and Fig. 3). It follows from this that the observed 
action of light is of secondary origin ; it is caused by the greater 
heating of the film, which absorbs the light, in comparison with 
the surrounding air and the thermometer, which notes its 
temperature changes. The observed effect is a bolometric 
one and is not connected with the light-sensitiveness of the film. 

In the preceding tables the abnormally large values of 
the mean temp, coeff. of conductivity attract our attention. 
They amount in some instances to 20% never falling lower 
than 10% per degree. These abnormally high values depend 
possibly, on the separation of a part of the water from the 
sensitive layer (presenting a gel from the standpoint of colloidal 
chemistry) under the influence of heat, the gel being at higher 
temperatures in equilibrium with a smaller quantity of water. 

To protect the film from the influence of humidity , it was 
covered (together with the contacts) with sandarac-benzene- 
varnish. After drying, the conductivity under the action of 
heating and light was measured. The temp, coeff. decreased 
to 5% per degree, the general form of the curve remaining the 
same as above. Only the increase of conductivity did not fol- 
low the heating so quickly and became not quite reversible 
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(a phenomenon analogous to hysteresis) . The conductivity of 
a varnished film is not affected by light. 

As the determinations with dry films did not give the 
expected results, new experiments were undertaken with a 
liquid and a jelly-form emulsion, to facilitate the migration 
of electricity-bearers, if these would appear under the action 
of light. In preparing the emulsion I followed with insig- 
nificant modifications the prescription of Eder:' 

A. NH4Br-2 gr, gelatine-2 gr, water 20 cc. 

B. AgNO.1-3 gr, distilled water 12.5 cc. 

C. Gelatine 2- -5-gr, water 20 cc. 

Solution B was poured into A under shaking, the liquid was 
boiled, poured into C, and the whole stirred. After solidifi- 
cation the mass was pressed through a metal gauze and washed 
many hours in running water. All these operations were made 
in the dark or under faint red light. 

The carefully washed emulsion was melted and introduced 
into an Arrhenius vessel for conductivity measurements. 
From outside it was covered with black asphalt-varnish ex- 
cept the lower part containing the emulsion and two platinum 
electrodes. The vessel was suspended on a flat metallic ring, 
to which a cylindrical metal screen could be pressed tightly 
from below by means of an india-rubber ring. When light 
had to act upon the emulsion, the screen slid down on special 
rails and opened the lower part of the vessel, which had not 
been blackened. 

The conductivity of the emulsion was much larger than 
that of the dry layer— about 5.10~' ohm“' cm~'. All mea- 
surements could be made therefore by the well-known method 
of Kohlrausch-Ostwald — by means of alternating current, 
using a wire bridge and a telephone. The vessel was placed 
in an Ostwald thermostat with transparent glass walls. As 
the source of light, a Tungsram Va watt lamp of 400 HK at a 
distance of 20 cm was used, or sun-light, reflected by means 
of a mirror. 


L. M. Eder: Ausf. Handbuch der Photographic, IIT, 216. 
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The same facts were observed as in the dry layer; the 
emulsion was heated rapidly by light, and the change of 
conductivity was greater than could be expected from the 
temperature change, because the thermometer was immersed 
in the surrounding water of the thermostat, not in the emulsion 
itself. This made all temperature coefficients too large. 

Table V and Fig. 5 represent the results of an experiment, 
when reflected sun-light fell on the emulsion. 



Tabi.e V 

29/VII-1917. Kohlrausch’s metlKxi 
Liquid AgBr — gelatine emulsion 


Reading at 

Temp, of 
thermostat deg. 

Spec. cond. Kt 

Mean 

temp coeff. 
percent 

llh. 50' 

22.50 

8.087X10-^ 


]2h. 10' 

22. ()3 

8.120X10-4 

3 

15' 

22 ()() 

8.126X10-" 

3 

20' 

22.67 

8. 130X10-" 

3.1 


Sun-light reflected by a mirror 


25' 

22.69 

8.143X10-" 

3.(> 

30' 

22.71 

8.1.59X10-" 

1 3,0 

35' 

22.73 

8.ir)9X10"4 

1 4.4 

40' 

22.76 

8.1S1X10-" 

5.0 

45' 

22.78 

8. 194X10-" 

1 4.8 

End 

[ of exposure, vessel covered b 3 ^ screen 


50' 

22.80 

8. 194X10-" 

4.4 

55' 

22.81 

8. 192X10-" 

4.2 


The mean temp. coef. increase twofold under these con- 
ditions. To prove the bolometric origin of this effect pure 
gelatine solution without AgBr was taken, but gave no result 
as absorbing too small a quantity of light. To increase the 
absorption of light, an “emulsion” (rather, a suspension) of 
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bariitm sulphate in gelatine was prepared where the conditions 
of light diffusion and absorption are the same as in the 
bromogelatine silver emulsion. This mixture showed under 
the action of light a similar (even a larger) increase of 
temp. coef. of conductivity, not being light-sensitive at all 
(see Table VI and Fig. G). Here also the effect was found to 
be a bolometric one. 



Table VI 

(;J1-VIII, 1917) Kohlrausch’s method 
Gelatine with suspended BaSO^ 


Reading at j 

Temp, of 
thermostat 
degree 

Spec cond 

Mean 

temp, coeff. 
percent 

llh. 5' 

2;^ . 2:^ 

4.002X10-' 

— 

\o' 

23.27 

3.004X10-' 

1 4 

Exposure: sun -light reflected by mirror 


20' 

23 2S j 

3 605 

1.7 

2.y 

23 , 2S 

3.607 

2.S 

;5()' 

23 30 

3.6>0S 

2 4 

:I5' 

23.30 

3.608 

2 6 

40' 

23 30 

3.009 

2.9 

45' 

2.4. 51 

3.611 

3.1 

50' 

24.42 

3.612 

3.1 


End of exposure 


50' 

24 42 

3.011 

2.8 

12h. 

24.44 

4.010 


5' 

24.43 

3.609 


10' 

23.35 

3.609 



Experiments with dry and liquid photographic emulsions 
showed that their electrical resistance does not change within 
the limits of experimental errors when they are exposed to light. 
The interest of this fact is especially great if we compare it 
with the stated change of resistance of pure halide silver salts 
under the action of light. It is probable that the same changes 
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occur in the silver bromide of the photographic emulsion, but 
they cannot influence its general resistance as the propagation 
of these changes is paralysed by the gelatine surrounding the 
separate granules of AgBr. 

Therefore, the determinations of conductivitj with the 
degree of accuracy now attainable do not give the possibility 
to follow those changes and to resolve the question about the 
nature of the latent image. 

The subjeet of this paper was suggested to me by Prof. 
N. P. Kasterine, to whom I express my sincere thanks. 

Physical Laboratory 
Odessa University 
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A Comprehensive Treatise on Inorganic and Theoretical Chemistry. 

Vol. j. By J. W, Mellor. 24 X idem; pp xv + 1065. New York and London: 
Longmans, Green and Co,, IQ22. Price: $20.00 per vol. — In the preface the 
author says: “With due regard to the law humanum errare est, this work aims 
at giving a complete description of all the compounds known in Inorganic Chem- 
istry, and, where possible, these are discussed in the light of the so-called Physical 
Chemistry. The separation of Organic from Inorganic Chemistry is nothing 
more than a conventional convenience; it is probable that the shari>er the line 
of demarcation, the greater the loss which each of these divisions of chemistry 
will suffer. In the analysis of inorganic compounds, for example, some extra- 
ordinarily sensitive tests are available, and some extraordinarily clean sepa- 
rations can be effected by utilizing the properties of certain organic compounds 
of the metals ” 

“Much of the material of this work was compiled in card-index form 
long before my Modern Inorganic Chemistry appeared, and that work was really 
an abridgment of this one. The references which were not included in the scheme 
of that work will be found here. It was not originally intended to make the larger 
work assume the exhaustive character which this book has now acquired . Rightly 
or wrongly, I came to the conclusion that it is a mistake to load up a student with 
facts as if he were going to be a specialist in all branches of inorganic chemistry. 
In addition to the general principles, the salient features of certain type-com- 
pounds should be taught, and anything further should be left for works of refer- 
ence, where full information may be obtained — to be absorbed or forgotten as may 
be expedient Consequently, in the ideal cavSe, a work of reference should not 
only give the authorities for statements of fact, but it should also indicate what 
knowledge has been gleaned on the particular subject in question. To do this 
in a practicable manner, attention must be directed to the original publications 
on the subject This naturally makes the work of compilation extremely la- 
borious; in some cases, indeed, it happens that scores of independent references 
are invtilved in the statement of one particular fact." 

“I think it was P. J. Macquer w’ho apologized for the alphabetic form 
of the subject-matter of his Dictionnaire de chymie (Paris, 17(i0), by stating that 
chemistry was little more than a collection of facts scarcely entitled to the name 
of science, or capable either of synthetic or analytic explanation, and hence he 
concluded that the dictionary form was the best mode of arranging the facts. 
The dictionary thus belongs to a primitive stage in the development of a science 
in that it is but a collection of facts to be employed in building up the science. 

“We now flatter ourselves that the periodic law has given inorganic 
chemistry a scheme of classification which enables the facts to be arranged and 
grouped in a scientific manner. The appearance of order imparted by that 
guide is superficial and illusory. Allowing for certain lacunae in the knowledge 
of the scarcer elements prior to the appearance of that law, the arrangements 
employed by the earlier chemists are just as satisfactory, and in some cases, in- 
deed, more satisfactory than those based on the periodic law . 
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'The arrangement of the subject-matter of inorganic chemistry according 
to the periodic scheme is justified solely by expediency and convention. It has 
a tendency to make teachers over-emphasize unimportant and remote analogies, 
and to under-estimate important and crucial differences I imagine that when 
we have found a truer basis of classification, such differences as are displayed 
between, say, ferrosum and ferricum compounds will be exhibited as if two dif- 
ferent elements are involved, and that iron alone appears as the stable form when 
separated from these compounds Similar remarks apply to other multi-valent 
elements. The difference between the higher and lower valent forms of an ele- 
ment with a given acid are often greater than between the compounds of two 
totally different elements with the same acid. 

‘The first volume of this work is mainly introductory, and in it the atom 
is considered to be the chemist’s unit, or the unit of chemical exchange The 
newer work on the structure of atoms, and the so-called elements with variable 
atomic weights w'ill be introduced in the third volume, as a sequel to the radio- 
active elements. The collection in the first volume of most of the generaliza- 
tions required for application to special cases m subsequent volumes has simpli- 
fied many explanations. This applies, for example, to thermal diagrams, equi- 
librium diagrams for ternary systems, etc. The general historical sketches in 
this volume facilitate the reviews of the histories of the elements and their com- 
pounds which appear in subsequent volumes. 

“Hydrogen and oxygen, and the compounds of these two elements, have 
been worked in with the introductory volume The second volume includes 
the halogens and the alkali metals. The ammonium compounds are included 
with the compounds of the alkalies The other elements will appear mainly in 
the order of the periodic law. The metal hydrides, oxides, halides, sulphides, 
sulphates, carbonates, nitrates and phosphates arc included with the metals; 
the other compounds are described with the acids, or the acidic elements With 
the complex salts and intermetallic compounds of an element arc included analo- 
gous compounds of ammonium, hydrazine, and hydroxylamine, as well as of all 
those elements which have been previously discussed It should therefore be 
possible to locate a desired compound from an inspection of the backs of the 
volumes, which are lettered to show what elements are discussed inside. The 
indexes and cross-references are also available.” 

The chapters are entitled: the evolution and methodology of chemistry; 
combination by weight, hydrogen and the composition of water, the physical 
properties of gases; combination by volume; the classification of the elements, 
hydrogen; oxygen; water; solutions; crystals and crystallization; thermody- 
namics and thermochemistry ; the kinetic theory of atoms and molecules; ozone 
and hydrogen peroxide; electrolysis and the ionic hypothesis; electrical energy. 

This is a tremendous undertaking and a very successful start. It .seems 
scarcely possible that the author can carry out his programme single-handed ; 
but everybody will wish him success in his self-appointed task. One does not 
know which to admire most, the knowledge which makes such a work possible, 
the skill in presentation, or the courage and persistence which carries the author 
through the awful drudgery involved in getting such a mass of facts into final 
form. 

In the first chapter on the evolution and methodology of chemistry, 
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it is interesting to note, p 9, that “about 150 A. D., the Egyptian astronomer 
Claudius Ptolemy measured the angles of incidence and refraction of a beam of 
light passing from air into water, but more than fourteen hundred years elapsed 
before W Snell (1621) detected the law of refraction hidden in Ptolemy's data.'* 

The reviewer was much interested in the remarks on inductive and de- 
ductive reasoning. Sir William Hamilton was quite frank when he said, p. 9, 
that “in physical science the discovery of new facts is open to every blockhead 
with patience, manual dexterity, and acute senses; it is less effectively promoted 
by genius than by co-operation, and more frequently the result of accident 
than of design.” It would be well if people were to take to heart Newton's 
statement, p. 18, that “no great discovery was ever made without a bold guess'* 
and the similar one by Whewell, p. 172, that “advances in knowledge are not 
commonly made without the previous exercise of some lx)ldness and license in 
guessing.” 

The admiration for exact measurements as such is nowadays so great 
that ])robably relatively few people will agree with the first paragraph on p. 10. 
“It cannot be doubted that science in its higher work, requires a supple and well- 
developed imagination which T Gomperz says is the instrument of genius, no 
less for scientific di.scovery than for artistic creation The secret charm of scien- 
tific discovery is not in the facts per se, but rather in the extrication of natural 
relations among the facts one with another. Particular groups of facts mujst be 
unified or generalized into a system -the so-called law. Science begins with 
facts and ends with laws Law is the essence of facts As pointed out elsewhere, 
Newton’s celebrated law epitomizes in one simple statement how bodies have al- 
ways been ob.served to fall in the past Immortal Newton did not discover the 
cause or the why of the falling of the apple, but he did show that it was due to 
the operation of the same forces which hold the earth, the plants, and their 
satellites in their appropriate orbits Newton’s simple and comprehensive law 
epitomizes in one single principle the many and varied phenomena associated 
with falling bodies, planetary motions, etc , and generally, the scientific generali- 
zation explains the operations of nature by showing the elements of sameness 
in what at first sight appears to be a confused jumble of phenomena. Generaliza- 
tion is the golden thread which binds many facts into one simple description. 
That peculiar type of genius, that rare quality of mind required for the work 
of generalization, is found only in a New’ton or a Darw'in Plato said that if 
ever he found a man who could detect the ont; in many he vrould follow him as 
a god.” 

For those who want numerical data, such a chapter as the one on the 
physical properties of gases, pp. 147 -170, will he enthralling. For those who 
want a theoretical problem, one can recommend a critical study of Callendar’s 
theory of osmosis, p 559, or of the effect of heat of dilution on osmotic pressure, 
p. 547. Those interested in catalysis will find distraction if they read the para- 
graphs in regard to the effect of oxides of the metals on ozone, hydrogen peroxide, 
chlorate, etc., pp 350, 359, 887, 901, 937, 942 and elsewhere The magnetic 
l>ehavior of colloidal iron salts, p. 648, is also well worth studying. 

The author is not very enthusiastic over the present status of the electro- 
lytic dissociation theory, pp. 994, 999, 1006 “The present position of the 
theory of ionization discussed at the Faraday Society (1919) made it very clear 
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that in spite of twenty years' labor, there is vsomething fundamentally wrong 
in tiie application of the mass law to ionization excepting in the case of weak 
electrolytes and of very dilute solutions of the stronger electrolytes. The general 
conclusion to be drawn from the work is that electrical conductivity is not an 

accurate measure of ionic concentration Stieglitz finds that the solubility 

product must be treated as an approximate, empirical principle without a theo- 
retical foundation F, P. Worley has emphasized that instead of the rate 

of hydrolysis of ethereal salts and cane sugar being proportional to the concen- 
tration of hydrogen ions the two properties are altered in different directions 
by changes of concentration . . . Consequently, the catalytic activity of 

the acids is not proportional to the concentration of the hydrogen ions; and, 
adds F. P. Worley, if hydrogen ions and un-ionized molecules are both active 

chemically, in time, the extreme supporters of the ionic hypothesis 

may admit that both ions and un-ionized molecules may be concerned in electro- 
lytic conductivity!" 

In one point, the author seems to have slipped up. When discussing 
Hittorf’s migration experiments on silver nitrate between silver electrodes, 
p. 985, he says, p. 990, that "W. Hittorf’s results can be deduced from the as- 
sumption that both the solvent and the solute conduct the current, for if, say, 
silver nitrate conducts the whole current, free acid appears only at the anode; 
if the water conducts the whole current free acid appears only at the cathode, 
and if both salt and solvent conduct the current, free acid appears at both elec- 
trodes, and the current can be portioned between the solvent and solute so as 
to make the observed facts fit the hypothesis. Hence, W Hittorf’s migration 
data do not prove that ions travel at unequal rates, for the observed facts can 
be explained by at least two plausible hypotheses." 

The weak point about this argument is that, under the conditions of the 
experiment, free acid does not appear at either electrode. 

The reviewer was sorry to see the old fallacy about the commercial im- 
portance of the oxygen or hydrogen standard of the atomic weights, p. 201. 
"This question of a standard is not of mere academic interest, because in buying 
and selling ores on the percentage amount of contained metal, a difference in the 
atomic weight selected may involve appreciable differences in the estimated value 
of the ore. For instance if oxygen be taken as 1 6, the corresponding atomic weight 
of antimony is 119.9 and of uranium 239 61; if hydrogen be taken as unity, 
these values become, respectively, 118.9 and 237.65 — differences of one and two 
units." If one took oxygen as 100, the atomic weight of antimony would become 
about 750; but that would not change the price of antimony ore nor do we ana- 
lyze ores as a means of determining atomic weights. 

It would be untrue to say that there are no misprints; but the number is 
surprisingly small considering the kind of book. Wilder D. Bancroft 

Some Physico-Chemical Themes. By Alfred W. StewarL 22 X 15 
cm; pp. xii + 4 iQ> New York and London: Longmans^ Green and Co., IQ22. 
Price: $ 7 . 00 . — In the introduction the author says: "The present volume is 
not intended to survey the whole field of physical chemistry, nor does it even 
profess to describe all the more interesting parts of the subject: for any attempt 
to carry out either of these plans would have expanded the book far beyond 



New Books 


595 


the limits which seem desirable. The intention has been rather to select for 
treatment several interesting branches of physical chemistry and to throw some 
light upon their general outlines, in the hope that the descriptions given may 
arouse the interest of the reader sufficiently to make him consult the original 
literature or to look up other books in search of further information.” 

The final paragraph in the introduction, p. 6, is also of distinct interest. 
”In concluding this introduction, it may be well to mention a point which has 
been kept in view during the writing of the book. A volume of this kind is in- 
tended to encourage the reader to do two things; (1) acquire a knowledge of 
facts and (2) form his own opinions on the subjects treated, apart from the hy- 
potheses suggested by other people. For this reason wherever it has been possible, 
the facts have been kept entirely separate from any theories on the subjects. 
It cannot l>e too often impressed upon a .student that it is only by forming his 
own individual views upon chemical problems that he can become really a master 
of the subject. By this it is meant that he should be intellectually satisfied 
that a theory is firmly based before he accepts it; he should not encourage 
himself to take refuge behind the fact that “so-and-so says it is true.” It is 
not necessary to evolve new theories of one’s own, but it is equally unnecessary 
— and much more undesirable — to accept blindly anything which happens to 
find its way into print on one side or other of a controversy.” 

The subjects treated are: residual affinity and some physical properties; 
double salts; the problem of the oceanic salt deposits; complex salts and complex 
ions; the pseudo-acids; the theory of indicators; non-aqueous ionizing media; 
colloids; the Brownian movement; Perrin’s researches on the distribution of 
particles in emulsions; Avogadro’s constant and .some molecular dimensions; 
adsorption; some hypotheses of the colloidal state; catalysis; the spectra of 
the elements; chemical affinity; the developments of the Periodic Law; the 
atoms and the periodic system; some views of atomic structure. 

The book covers a wide field and is extremely well written. There will 
of cour.se be points which do not appeal to one man so much as to another. 
The author recognizes that himself, p. vi, and suggests that, in case a critical 
reader laments the omission of topics in which he himself is keenly interested, 
he should repair the error by writing a book on these subjects himself. Fortu- 
nately the criticisms that the reviewer wishes to make are so limited in range 
and number that they would not fill a pamphlet, to say nothing of a book. 

On pp. 1 18, 126, and elsewhere, the author says that the facts destroy 
completely Ostwald’s explanation of the action of indicators. It is ab.solutely 
true that Ostwald's explanation of the color change with phenolphthalein, etc., 
was wrong; but the author does not give 0.stwald the credit, to which he is 
entitled, for putting the theory of indicators on a scientific basis. It is compara- 
tively unimportant whether the color change is due to the forcing back of the 
dissociation, or to some rearrangement which is connected with and follows 
from the change of dissociation. Ostwald adopted the simplest hypothesis 
and the phenomena proved to be more complex than he had assumed. It is 
desirable to know to what the color changes are due ; but it seems to the reviewer 
that the really essential part of the theory of indicators was worked out by 
Ostwald and not by the organic chemists. Incidentally it is interesting to note 
that the author’s knowledge of organic chemistry is apparently not sufficient 
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to keep him from following Ostwald into the error, p. 125, of classifying methyl 
oiange as a strongly acidic instead of as a weakly basic indicator. 

The reviewer, of course, turned at once to the chapter on colloids. He 
was a little grieved to find the author, p. 164, admitting that freezing-point 
measurements prove that the molecular weight of albumin is probably at least 
14000. This is the more remarkable because, in the very next sentence, the 
author says that “these measurements depend upon the assumption that we are 
dealing with a true solution.” On p. 170 the author is apparently worried by the 
fact that a suspension of petroleum in water acquires a negative charge although 
the petroleum has no positive or negative radicals in its structure. The expla- 
nation is that the drops of petroleum adsorb hydroxyl ions from the water. 

On p. 177 the author points out that “Svedberg, by direct observation, 
found that, in the case of a silver sol to which aluminum sulphate was added, 
there was no change in the amplitude of the vibration of the particles on the ad- 
dition of the electrolyte; but that, as the particles coalesced, the amplitude of 
vibration diminished with each increase in size of the aggregates. This proves 
that the change in the velocity of the particles is the result and not the cause of 
the coagulation “ This is perfectly satisfactory in itself. On p. 188, however, 
we read that “Svedberg believes that the Brownian movement is indei>endent 
of electrical charges; but the evidence of the effect of electrolytes is so extensive 
that it can hardly be brushed aside merely on this account.” There is no con- 
tradiction between Svedberg’s conclusions and the experimental results of any- 
body else. Svedberg showed that the addition of electrolytes did not affect 
the Brownian movement directly fn so far as the electrolyte cause.s agglomera- 
tion of the particles, it cuts down the Brownian movement indirectly. The other 
people assumed that the change in the Brownian movement preceded the agglom- 
eration; but there was nothing in their experiments to prove it. 

The author has .said in the preface that he has made no attempt to include 
the work published in last month’s journals, which is quite as it should be. In 
a book intended to stimulate research and to prevent people from taking state- 
ments on authority, it would have been well to have commented critically upon 
Perrin’s work on the distribution of mastic particles in suspensions, p. 207. 
Extrapolating roughly from Perrin’s data, we find that in a vertical distance of 
less than 0 1 ram., the concentration should drop from 1880 to one. A bottle 
of a colloidal gold solution, approximately uniform in color, should therefore 
represent a state very far from equilibrium, which is not what experiment seems 
to show us. Critical comment would have been more desirable in view of the 
fact that Burton seems to have shown what is wrong with Perrin’s theory. 

It is apparently impossible to get anybody to appreciate that the Gibbs 
theory for change of concentration in the surface film, p. 243, holds for true 
solutions, p. 24f3, and can only be applied with great caution to colloidal solu- 
tions. On p. 256 the author concludes that a catalyst cannot affect the final 
state of equilibrium of the system into which it is introduced unless the laws 
of theiniodynamics are to be rejected. The author has overlooked the fact 
that the laws of thermodynamics do not apply to systems in which there are what 
we call passive resistances to change. It is in these systems that the catalyst 
changes the apparent equilibrium As an organic chemist, the author must know 
that we cannot treat organic chemistry under the phase rule as a system of car- 
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bon, hydrogen, and oxygen, which it is theoretically This does not cause 
anybody to weep over the laws of thermodynamics. Why not use common- 
sense in other cases'^ 

The section on flame spectra, p. 276, is years behind the times Weiser’s 
work on the green and blue copper flames would have interested the reader. 
The work on triboluminescence and crystalloluminescence might well have been 
included somewhere 

The presentation of the situation in regard to Newlands, Mendeleeff, 
and Lothar Meyer, is admirable and the reviewer was much interested in the 
author’s views in regard to the position of the elements of the rare earths in the 
periodic table, p .Sob. 

While the reviewer has pointed out what seem to him shortcomings in 
the text, and while it is probably inevitable that each reader will be impressed 
most by the parts about which he knows least, the reviewer wishes to repeat 
what he has said, so far as he can remember, about every book by the author, 
that it is an admirable type of book and that the presentation is as good as can 
be expected of anybody Any man who tries to cover a wide field is bound to make 
minor slips, but these are of no real importance We do want broad, inspiring 
books and the author has a real talent for that sort of thing 

Wilder D. Bancroft 

Colloid Chemistry of the Proteins. Part I By Wo/f^an/^ Pauli Trani>~ 
luted hy P C L Thorne. Ji X pp xi -|- J2<k Philadelphia: P. Blakis- 

ton’.s .Son and Co , iqjj Price: $2 J 5 . -The chapters are entitled, colloid 
chernistrv and the general chemistry of the proteins, conditions of stability 
in protein solutions; the electric charge of natural soluble albumin; properties 
of pioteins in iso-electric reaction, salts of albumin and acids; salts of albumins 
and bases, alterations in state of the alkali proteins with lapse of time, salts 
of the globulins and migration velocity of the protein ions 

It is not clear what Pauli means by a colloidal solution On p 4 he says 
that “Wolfgang Ostwald is the author of the very suitable terms dispersion 
medium (continuous phase) and disperse phase for the component parts of a col- 
loidal system “ That is an explicit recognition that a colloidal solution is a two- 
phase system and yet he says, on p. 5. that “solutions of colloidal character are 
obtained when substances of very high molecular weight are dissolved in water. 
The tendency of the large molecules to associate and polymerise can still further 
increase the colloidal properties of these solutions. Albumin, starch, glycogen, 
etc., are included in this group of substances, whose main characteristic is that 
tViey occur exclusively in the colloidal condition " 

If a substance dissolves, it is not colloidal. While it is very possible 
that albumin polymerizes, the reviewer knows of no proof of this. It is this vague- 
ness and inaccuracy as to premises that plays havoc with .so much of the w^ork in 
biological chemistry, because it is hopeless to build upon .shifting .sands. It 
is rather sad to read, p. 16, that peptization really depends on the formation of 
complex salts. 

Pauli says, p. U, that “addition of water occurs on the particles of many 
colloids and is described as hydration in the wider sense, and as imbibition when 
the adding of water occurs together with penetration of water into a large aggre- 
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gate. The indications of hydration of a disperse phase are a proportionally 
great viscosity of the solution, the decreased activity of the movement of the par- 
ticles as displayed in diffusion or in an electric field, and an alteration in volume 

or density in the direction of compression of the medium We shall see 

that hydration of particles of albumin solutions has been demonstrated, and, 
consequently, dissolved proteins are classed among hydrated (solvated) colloids." 

On p. 16 we read: "Some proteins arc hydrophobe, some have hydrated 
particles; and the conditions under which they are stable are different in the two 
cases. Proteins of the first group exhibit Hardy’s law of instability at the neutral 
point when treated with electrolytes. To this group belong heat-coagulated 
albumin, casein, salt-free globulin, acid albumin, etc. On the other hand, glutin, 
natural albumin, and the other proteins of the second group are stable in solution, 
even when the particles are not electrically charged.. The electric charge is, 
however, quite an important factor in the stability of the lyophile or hydrated 
proteins, for it is an accepted fact that only neutral particles are precipitated from 
solution by electrolytes. Accordingly, all means of displacing albumins from 
solution will show an optimum at the point of electric neutrality, a condition 
which will be dealt with in detail later on. Generally, the difference between 
lyophobe and lyophile albumins lies in the fact that in the first case mere discharge 
of the particles {e. g., by an electric field) leads to precipitation, while in the second 
case discharge must be combined with effects which lead to an alteration in the 
relation of the particles to the solvent, so that their lyophile character is reduced 
or lost altogether. Saturation of the solution with certain alkali salts, the 
addition of alcohol or phenols, etc., bring about the latter conditions." 

Of course Pauli believes firmly that albumin and other proteins form defi- 
nite compounds with acids and base.s, p. 55. "The plain fact that proteins 
combine both with acids and bases has been known for a long time. On the 
other hand, quantitative measurements of the extent of combination awaited 
the clear conception of the terms acid and base which only phyvScial chemistry 
could furnish. The results of the application of titrimetric methods to the de- 
termination of the capacity of proteins for combination with acids and bases 
(Spiro and Perasel) were only made clear by the progressive understanding of 
the function of indicators (W. Ostwald, H. Ftiedenthal, E. Salm and others). 
Certain proteins, such as casein, have been shown to form approximately neutral 
salts when titrated with strong alkalis, using phenolphthalein as indicator, the 
point of colour change in this instance being near the true point of neutrality 
in the physico-chemical sense (Laqueur and Sackur). Many other indicators, 
such as phloroglucin — vanillin, give an idea of the maximum combination of 
acids with albumin, which, although only rough, is sufficient for many purposes 
(J. Christiansen). The work of S. P. h. Sorensen, in particular, has shown that, 
in order to arrive at useful conclusions as to hydrion concentrations by the use of 
indicators, special precautions must be taken when proteins are present. Our 
exposition of the combination of albumin with acids, and of the physico-chemical 
properties of the products formed theieby, will be based mostly on recent re- 
searches, which, without disturbing the equilibrium between protein and acid, 
have led, on the basis of direct determination of hydrion concentrations, to a' 
pretty comprehensive view of the phenomena which occur." 

It has been said that colloid chemists foam at the mouth when anybody 
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mentions the possibility of n protein forming a compound with an acid or a base, 
and this is true to some extent. In so far as a protein is atiataizio>acid there is 
no theoretical reason why it should not form a compound either with a base or 
with an acid ; t)ut it does not follow that a compound is formed in any given case. 
The physical chemist has been through the mill with solid solutions and basic 
salts. He knows that the literature is full of mythical compounds whose only 
claim to existence was that the constituents hap})ened to be present in stoichio- 
metric proportions which did not seem improbable to the man making the analyses. 
The colloid chemist does not propose to go through the same experience if he can 
help it. The biological chemist can have all the compounds he wishes if he will 
show some proof of their existence ; but the colloid chemist is not going to accept 
compounds merely because the biological chemist does not know of any other 
way to account for the phenomena. It may perfectly well be that caseine is 
a tribasic acid; but it is not safe to deduce this from titrations with phenol- 
phthalein and with litmus. 

The case of the globulins is interesting, p 121. One equivalent of hydro- 
chloric acid or nitric acid is said to dissolve twice as much globulin as one equiva- 
lent of sulphuric acid or oxalic acid while one equivalent of caustic soda or of 
ammonia dissolves twice as much globulin as one equivalent of barium hydroxide. 
This is accounted for in terms of the theory by saying that the globulins can only 
neutralize one hydrogen or one hydroxyl in a molecule; but this is an assumption 
ad hoc and we are not told why. We are told that the reason why acetic acid is 
so much less effective than hydrochloric acid is because it is a weaker acid but 
we are not told why the weak base, ammonia, should be just as effective as caustic 
soda. The only statement made is. p. 123, that ammonium globulinate does not 
suffer an appreciable hydrolytic dissociation which reflects the very acidic char- 
acter of globulin This is merely re-stating the facts in terms of the theory and 
does not explain why the strongly acid globulin can only neutralize one hydroxyl 
in barium hydroxide There was a wonderful opportunity here for talking about 
.steiic hindrances 

This is an interesting book and it is very important to know definitely 
the views of the man who has the first-hand knowledge of the subject ; but the 
use made of colloid chemistry seems practically negligible to the reviewer. 

Wilder D Bancroft 

Organic Chemistry for the Laboratory. By W. A . Noyes. Fourth edition. 
23 X 15 cm; pp. xii 2Q3. pMston: The Chemical Publishing Co., 1020. Price: 

— The chapters are entitled: analysis of compounds of carbon; general 
operations; hydrocarbons; alcohols and phenols; ether; aldehydes, ketones and 
their derivatives; acids; derivatives of acids; hydroxy- and ketonic acids; car- 
bohydrates; halogen compounds; nitro compounds; amines; diazo, hydrazo, 
nitroso, and other nitrogen compounds; sulphur compounds; qualitative exami- 
nation of carbon compounds. 

It is very important for an organic chemist to have manipulative skill 
and for the physical chemist to have more knowledge of organic chemistry than 
is usually the case. Consequently we welcome the existence and popularity 
of a book like this one. The question comes up whether this is the best possible 
book and to that the reviewer must give a negative answer. Let us take one of 
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the very simple cases, that of ethyl bromide, p. 199. Hie yield as given is not 
over eighty percent refetred to potassium bromide and very much less when 
referred to alcohol. There is nothing to show why the yield is no higher and 
yet that is an important thing. The physical chemist will probably recall some- 
thing about reversible equilibrium and will think that it would be profitable 
to cut down the water content. He will wonder why 30 cc of water are to be 
added in making up the mixture and the reviewer does not know where the 
student could find out that the hydrobromic acid is oxidized by hot concentrated 
sulphuric acid. The reviewer believes that such information should be given. 

Wilder D. Bancroft 

An Introduction to the Physics and Chemistry of Colloids. By Emil 
Hatschek. Fourth edition. iS X 13 cm; pp. xiii -f- 1 ^ 3 . Philadelphia: P. 
Blakiston's Son and Co , 1022 . Price: $ 3.23 — The third edition appeared 
three years ago (23, 588). This new one has been rewritten and enlarged. It is 
much better than the preceding ones though it still falls far short of what the 
reviewer thinks it might be Adsorption comes in casually at the end of the book 
and the author finds it difficult to explain, p. 75, why addition of a calcium salt 
should reverse a sodium soap emulsion. Throughout, the book is not clear. 
On p. 37 the author states that the Brownian movement is a factor which coun- 
teracts sedimentation; but that it is not the only one because it is not affected 
directly by factors which destroy the stability of suspensoid sols, namely the 
addition of electrolytes. He then states that the electrical charge on the par- 
ticles is another factor intimately connected with the stability of sols on the 
one hand and the irreversible character of the transformations they undergo 
on the other. Statements like that are confusing to the beginner and irritating 
to everybody else. The real truth is that the electrical charge prevents coal- 
escence while the Brownian movements counteract the sedimentation. Further 
the presence of an electrical charge has nothing necessarily to do with the irrever- 
sibility of the coagulation. 

On the same page the author says that the origin of the electric charge 
is still a subject of controversy He therefore postpones the discussion of it 
to p. 154, where he is non-committal. Wilder D Bancrojt 



ELECTRONIC STRUCTURES OF ATOMS^ 


BY MAURICE L. HUGGINS 

Although the Lewis theory of valence and atomic struc- 
ture^ has met with remarkable success^ when applied to 
chemical facts, Lewis was able to apply it in its entirety only 
to some of the elements, chiefly those of lowest atomic weight, 
from hydrogen to scandium. Among those of higher atomic 
weight, although some fitted in perfectly with the system, 
others did not, and it was evident that in order to include all, 
the theory must be modified or extended in some way. 

Langmuir"* has attempted to do this, but he was forced 
to leave still unexplained many valence relationships and other 
physical and chemical facts. In this and following papers, 
the author attacks the problem. 

The Lewis Theory 

Lewis’ main assumptions are the following : 

1. An uncombined neutral atom has in its outermost 
shell a number of electrons corresponding to the column of 
the Periodic Table in which that element belongs. 

2. A single bond consists of a pair of electrons holding 
two atoms together; in a double bond two pairs of electrons 
join two atoms; and in a triple bond two atoms are connected 
by three electron pairs. 

3. Each atom tends to obtain an even number of electrons 
in its outer shell, and also to complete its group of eight elec- 
trons, or “octet,” by bonding with other atoms or otherwise. 

^ This paper, except for minor changes, was written in 1920, but unavoid- 
able circumstances have delayed its publication. A short outline of the theory 
has recently been published in Science, 55, 459 (1922). 

2 G. N. Lewis: Jour. Am Chem. Soc , 38, 762 (1916) 

3 Cf. for example, I. Langmuir: Ibid,, 41 , 868, 1543 (1919); 42 , 274 (1920); 
Latimer and Rodenbush: Ibid., 42 , 1419 (1920). 

^ Langmuir: Ibid., 41 , 868 (1919). 
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“Cubical Atom” Versus “Tetrahedral Atom*’ 

Although in the original development of his theory 
Lewis considered the valence electrons as being approximately 
at the comers of a cube, in his paper referred to above he pro- 
posed, at least for organic compounds, an arrangement in 
which each pair of electrons acting as a bond is drawn together 
and occupies one of the four comers of a tetrahedron, the atomic 
kernel^ being the center. That the tetrahedron of pairs is the 
stable arrangement for the valence shells of all of the lighter 
electronegative atoms, Lewis has believed for some time, and 
this view will be adopted in this paper. It might be well to 
briefly consider some of the arguments in favor of this concep- 
tion. 

The cubical arrangement is quite inadequate for the 
representation of organic compounds. It not only gives no 
opportunity for the formation of a triple bond, such as must 
often be assumed between carbon and carbon, carbon and 
nitrogen, and nitrogen and nitrogen, but is also incompatible 
with the well-known principle of free rotation about a single 
bond, for such free rotation could hardly exist if the electrons 
composing the bond were widely separated from each other. 

Whenever an atom of some other element is attached to 
one of carbon or of nitrogen, the only logical assumption is that 
the bond connecting the two is here also a pair of electrons 
which are quite close together. In such a case it would seem 
very improbable that two of the eight electrons in the shell 
of this other atom are close together as in a tetrahedral atom, 
and the other electrons relatively far apart, spaced according 
to the cubic arrangement. And in the case of an oxygen atom, 
for instance, doubly bonded to a carbon or nitrogen atom, is 
it not much simpler to assume that the four electrons not act- 
ing as bonds are also paired off than to gfive them any other less 
symmetrical positions? 

The fact that an atom (of one of the elements considered 

' This term, introduced by Lewis, is used to denote everything inside of 
the valence shell. 
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by Lewis) with an odd number of electrons in its outer shell 
always shows a great tendency to react with other atoms so as to 
have an even number of valence electrons around it,^ whereas an 
atom with an even number of valence electrons, even though 
they are not all acting as bonds, is often quite unreactive, is 
another very potent argument in favor of the pair, rather than 
the single electron, being the unit (both of bond electrons and 
of those which are not acting as bonds) in the outer shells of 
these atoms. 

In order to satisfactorily account for the atomic arrange- 
ments which have been found to exist in crystals, it seems to 
be quite necessary to assume that the valence electrons are 
drawn together in pairs, usually at the corners of a tetrahedron 
for the lighter elements. Many of the results obtained with 
this idea as a basis are given in other papers by the writer. ° 

The Law of Force between Electrons 

This pairing of electrons may be readily accounted for by 
assuming the proper kind of a law (or laws) of force at small 
distances, as will be shown by an example in the latter part of 
this paper. The chief requirement of such a law, for this pur- 
pose, is that, as two electrons approach each other, the repulsion 
between them reaches a maximum at a distance of the order of 
magnitude of 1 A. (1 Angstron unit = 10“® cm), the force then 
decreasing for a considerable proportion of the remaining dis- 
tance at least (Fig. 1). The repulsion may or may not change 
to an attraction. Any of a number of laws of this type will 
result in the pairing of electrons in atomic shells when they are 
drawn in, by the attraction of the nucleus, until somewhat 
closer together than this distance of maximum repulsion. 

A law of this type would similarly result in the formation of 
groups of three electrons, or triplets, when two pairs, or a pair 
and a single electron, are forced sufficiently close together. In 
some atoms, moreover, we might expect two or more electronic 

* Cf. Lewis* discussion of **odd molecules/* loc. cit., p. 770. 

2 Huggins- Phys. Rev., [ 2 ] 19,346,354, 363,369 ( 1922 ); Jour. Am, Chem. 
Soc., Sept. 1922 . 
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arrangements to be stable, differing in the numbers of pairs and 
triplets in the various shells. 

Before proceeding to a more complete discussion of the 
laws of force at small distances, let us see whether the above 
assumption leads us to atomic structures which are in conform- 
ity with the periodic system and the properties of the elements. 

Atomic Structures; Hydrogen to Neon 

A hydrogen atom possesses one electron which can pair 
off with a single electron in the shell of another atom, of hydro- 
gen or of some other element. A helium atom contains two 
electrons outside of the nucleus. These are drawn in so close 
to the latter that they cannot act in a bond-forming capacity. 

A neutral lithium atom possesses three electrons.* These 
we might expect to be arranged symmetrically around the nu- 
cleus, giving a trivalent element; but the fact that lithium 
is monovalent leads us to infer that two electrons tend to be 
closer to the nucleus (and so, probably, to each other) than the 
third. Such an arrangement, as will be shown later, may 
be accounted for by the type of law of force we have assumed, 
two of the electrons being pulled in by the nucleus until the 
distance between them (d, Fig. 2) is somewhat less than the 
distance of maximum repulsion. Because of this fact these 
two are forced still closer to each other and to the nucleus (rep- 
resented by a plus sign in the figure), the third electron being 
at the same time pushed further away from the nucleus. 

Increasing the nuclear charge to four, in beryllium, and 
five in boron, draws the two electrons which are paired closer 
to the nucleus (and so closer to each other). In carbon, 
with a nuclear charge of six, the pair has been pulled in so 
close that the remaining four electrons arrange themselves in 
tetrahedral fashion, practically as though the inner pair were 
a part of the nucleus. This pair then persists as the inner- 
most “shell” in the atoms of all of the heavier elements. 

In the nitrogen atom we have a case similar to that in 

1 In the following pages, whenever electrons are mentioned, only those 
outside of the nucleus are considered. 
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lithium. Five electrons, if placed as symmetrically as possible 
around the central unit, would be so close to each other that 
this arrangement would be unstable, and two of the five would 
be drawn closer together, and the pair thus formed would at the 
same time be pulled in closer to the nucleus. The resulting 
arrangement may be looked on as a somewhat distorted tetra- 
hedron, with a pair of electrons at one corner, a single electron 
at each of the other three corners, and the nucleus and two 
electrons near the center. 

Three more pairs are formed, in like manner, in the next 
three elements, oxygen, fluorine, and neon. The last has as 
its outer shell four pairs of electrons at the corners of a regular 
tetrahedron. 

Sodium to Argon 

As the nuclear charge increases, the most stable positions 
for additional electrons are obviously opposite the centers of 
the faces of the kernel tetrahedron. Even after the four 
faces are occupied by single electrons, the repulsions of the 
pairs in the inner shell for the valence electrons are strong 
enough to cause the latter to form pairs opposite the tetrahedron 
faces, except in a few compounds’ in which the valence elec- 
trons are pulled so far away from the kernel that they are more 
influenced by their own repulsions and by the repulsions be- 
tween the other atoms than by the arrangement of the kernel 
pairs. 

The argon atom consists of a tetrahedron of pairs outside 
of another tetrahedron of pairs, with a nucleus and two elec- 
trons in the center. If these two tetrahedra are the same 
size, that is, if the electron-pairs are all equidistant from the 
atomic center, they form a perfect cube. Whether or not this 
is the case is yet to be determined; it makes little difference 
in the present theory. 

The structures considered up to this point are almost iden- 
tical with those assumed byLew is. The properties of the 
corresponding elements and their compounds have been shown 


‘ E. HtSiF., PCI,. SF,. 
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by him and by others to be very strikingly in accord with these 
structures. It is unnecessary, therefore, to consider them in 
further detail here. 

Potassium to Krypton 

As the nuclear charge continues to increase, the atom is 
able to hold additional electrons. These, when the kernel 
charge becomes great enough to pull them in close to the next 
inner shell, tend to arrange themselves opposite the faces of 
the underlying cube or near-cube.* The greater the central 
charge the closer to the nucleus and to each other both the 
kernel pairs and the valence electrons are drawn. As soon 
as the distance between two pairs or between a pair and a 
single electron becomes sufficiently less than the distance of 
maximum repulsion, a triplet is formed, one electron dropping 
in from the valence shell to the kernel cube. This increases 
the repulsion between groups (in the shell containing the 
triplet) and they are pushed further apart. Another increase 
in the charge on the nucleus again draws the electron-pairs and 
the valence electrons closer, another electron drops in from the 
valence shell, etc. It is quite conceivable that there might be 
two or more stable arrangements of electrons around a given 
atomic nucleus, differing in the number of triplets formed in 
this way, and so in the number of valence electrons. Cer- 
tainly external conditions, such as the presence of other atoms 
which tend to hold electrons in the valence shell, can greatly 
affect the number of valence electrons which drop in from 
valence shell to kernel. Hence it is but the logical result of this 
theory that these elements should exhibit considerable vari- 
ability of valence. 

As the number of triplets increases, the repulsion, acting 
on the remaining pairs, increases and they are forced further 
and further away from the nucleus. This results, when the 
nuclear charge is large enough, in the stability of another 

^ It is important that the reader bear in mind throughout this discussion 
that a tetrahedron has 4 comers and 4 faces» a cube has 8 comers and 6 faces, and an 
octahedron has 6 corners and 8 faces. 
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arrangement — ^that of an octahedron with a tetrahedron out- 
side of it, the comers of the tetrahedron being opposite four 
of the eight faces of the octahedron. This may be regarded as 
being derived from the cube by having two of the original pairs 
forced out of the inner shell, the remaining six groups (at 
least four of which must be triplets) rearranging themselves 
to form the octahedron. The two pairs forced out, together 
with two others, form the outer tetrahedron. 

Before proceeding further, it seems best to present a 
system which has been worked out by the author for the 
purpose of affording a means of simply representing the struc- 
tures of complicated atoms. It may be readily understood by 
a few examples. Atoms of the elements from helium to 
fluorine in the Periodic Table will be represented by the 
formula 

(+ N)(2 X 1)(«) 

where “N” is the nuclear charge or atomic number and 
is the number of valence electrons — 0 for He, 4 for C, 7 for F. 
Elements from neon to chlorine are similarly 
(+ N) (2 X 1) (4 X 2) («) 

in which (4 X 2) represents four pairs of electrons at the cor- 
ners of a tetrahedron, and the first of those in the third row, 

(-1- N) (2 X 1) (4 X 2) (4 X 2) (m) or 
{+ N) (2 X 1) (8 X 2) (n) 

If the two tetrahedra (4 X 2) (4 X 2) have the same dimen- 
sions, they together form a cube (8X2). Although a true 
cube may actually not be obtained for these elements, as 
already explained, for the sake of simplicity the latter formula 
will be used in the remainder of the article. 

Table I is a compilation of atomic formulae for the elements 
in their commonest valences. Table II contains formulae rep- 
resenting various typical or unusual compounds, to many of 
which reference will be made in the discussion which follows. 

Titanium and the elements immediately following it 
show a variability of valence which can be very satisfactorily 
explained by assuming a falling in of electrons, one by one. 
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Tabi,e I 


Atomic Stractures of the Elements. 


H 

(+i)(i) 

Mg (+12)(2X1)(4X2)(2) 

He 

(+2)(2XJ) 

A1 

. (+13)(2X1)(4X2)(3) 

Li 

(+3)(2X1)(1) 

Si 

(+14)(2X1)(4X2)(4) 

Be 

(+4)(2X1)(2) 

P 

(+15)(2X1)(4X2)(5) 

B 

(+5)(2X1)(3) 

S 

(4-16)(2X1)(4X2)(6) 

C 

(+6) (2 XI) (4) 

Cl 

(-fl7)(2Xl)(4X2)(7) 

N 

(+7)(2X1)(5) 

A 

(■fl8)(2Xl)(4X2){4X2)or 

O 

(+8) (2 XI) (6) 


(-fl8)(2Xl)(8X2)? 

F 

(+9)(2X1)(7) 

K 

(-fl9)(2Xl)(8X2)(l) 

Ne 

(+10)(2X1)(4X2) 

Ca 

(-f20)(2Xl)(8X2)(2) 

Na 

(+11)(2X1)(4X2)(1) 

Sc 

(4-21) (2 XI) (8X2) (3) 

Ti 

(+22)(2X1)(8X2)(4) 


and 


(+22)(2Xl)(xX3+yX2)(4-x) 


x = l(or 2?); y = 8-“X 

V 

(+23)(2X1)(8X2)(5) 


and 


(+23)(2Xl)(xX3+yX2)(5-x) 


x = L 2 or 3; y = 8~x 

Cr 

(+24)(2X1)(8X2)(6) 


and 


(+24)(2Xl)(xX3+yX2)(6-x) 


x=3 or 4; y ~8— x 

Mn 

(+25)(2X1)(8X2)(7) 


and 


(+25)(2XI)(xX3+yX2)(7-x) 


x = l, 3, 4, or 5; y = 8— x 

Fe 

(+26)(2Xl)(xX3+yX2)(4X2)(4-x) 


x=2; y«4; and 


(+26)(2Xl)(xX3+yX2)(8-x) 


x = 2, 4, 5, orO; y*8— x 

Co 

(+27)(2Xl)(xX3+yX2)(4X2)(5-x) 


x=3; y=3; and 


(+27)(2Xl)(xX3+yX2)(9-x) 


X = 5, 6 or 7 ; y = 8 — x 

Ni 

(+28K2Xl)(xX3+yX2){4X2)(6-x) 


x=2, 3or4; y = G — x and 


(+28)(2Xl)(xX3+yX2)(10-x).? 


x*6, 7or8; y = 8— x 

Cu 

(+29)(2Xl)(xX3+yX2)(4X2)(7-x) 


x=oor6; y = 6--x 

2n 

( +30) (2 X 1 ) (6 X3) (4 X2) (2) 



Ga 

(+31)(2X1)(6X3)(4X2)(3) 



Ge 

(+32)(2X1)(6X3)(4X2)C4) 



As 

( +33) (2 X 1 ) (6 X 3) (4 X2) (5) 



Se 

(+34)(2X1)(6X3)(4X2)(6) 



Br 

(+35)(2X1)(6X3)(4X2)(7) 



Kr 

(+36){2Xl)f6X3)(4X2)(4X2) 


or 


(+36)(2X1)(6X3)(8X2) 



Rb 

(+37)(2X1)(6X3)(8X2)(1) 



Sr 

(+38)(2X1)(6X3)(8X2)(2) 



Y 

(+39) (2 X 1) (6 X3) (8 X2) (3) 



Zr 

(+40)(2X1)(6X3)(8X2)(4) 


and 


(+40) (2 X 1) (8 X3) (6 X2) (2) ? 


In ZrHz? 

Cb 

(+41)(2X1)(6X3)(8X2)(5) 


and 


(+41)(2XJ)(8X3)(6X2)(3)? 


In trivalent Cb? 

Mo 

(+42)(2X1)(6X3)(8X2)(6) 


and 


(+42)(2X1)(34+x)(6-x) 


Structure uncertain . x « 1 , 


2 or 3 
and 


(+43)(2Xl)(6X3)f8X2)(7) 
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(+43)(2Xl)(34+x)(7-x) 

Ru (+44)(2X1)(6X3){8X2)(8) 

(+44)(2Xl)(34+x)(8-x) 

Rh (45)(2Xl)(34+x)(9-x) 

Pd (+46)(2Xl)(34+x)(10-x) 

Ag (+47)(2X1)(8X3)(6X2)(4X2)(1) 

Cd (+48)(2Xl)(8X3)(eX2)r4X2)(2) 

In (+49)(2Xl)f8X3)(6X2)(4X2)(3) 

(+49)(2X1)(6X3)(8X2)(6X2)(1) 

Sn (+50) (2 XI) (8X3) (6X2) (4X2) (4) 

(+50)(2X1)(6X3)(8X2)(6X2)(2) 

Sb (+51)(2X1)(8X3)(6X2)(4X2)(S) 

(+51)(2X1)(6X3)(8X2)(6X2){3) 

Tc (+52)(2 X I )(8 X3) (6 X2) (4 X2) (6) 

(+52)(2X1)(6X3)(8X2)(6X2)(4) 

I (+53)(2X1)(8X3)(6X2)(4X2)(7) 

(+5;«(2X1)(6X3)(8X2)(6X2)(5) 

Xc (+r>4)(2Xl)(8X3)(6X2)(4X2)(4X2) 

(+5-t)(2Xl)(8X3)(6X2)(8X2) 

Cs (+55)(2XI)(8X3)(6X2)(8X2)(1) 

Ba (+5(5)f2Xl)(8X3)(6X2)(SX2)(2) 

La (+57)(2X1)(8X3K6X2)(8X2)(3) 

Ce (+58)(2X1)(8X3)(6X2)(8X2)(4) 

(+58)(2X1)(8X3)(1X3+5X2)(8X2)(3) 
Pr (+59){2X1)(8X3)(1X3+5X2)(8X2)(4) 

(+59)(2X1)(8X3)(2X3+4X2)(8X2)(3) 
Nd (+60)(2X1)(8X3)(3X3+3X2)(8X2)(3) 

( +61 ) (2 X 1 ) (8 X3) (4 X3 +2 X2) (8X2)(3) 
Sa (+62)(2X1)(8X3)(5X3 + 1X2)(8X2)(3) 

Eu (+63)(2X1)(8X3)(6X3)(8X2)(3) 

Gd (+64)(2X1)(8X3)(CX3)(1X3+7X2)(3) 

Tb (+65)(2XU(8X3)(6X3)(2X3+6X2)(3) 

Dy (+66)(2X1)(8X3)(6X3)(3X3+5X2)(3) 

Ho (+67)(2X1)(8X3)(6X3)(4X3+4X2)(3) 

Kr (+68)(2XI)(8X3)(6X31(5X3+3X2)(3) 

Tml (+69)(2X1)(8X3)(6X3)(6X3+2X2)(3) 

Yb (+7())(2X1)(8X3)(6X3)(7X3+1X2)(3) 

Lu (+71)(2X1)(8X3)(6X3)(8X3)(3) 

Trail (+72)(2X1)(8X3)(6X3)(8X3)(4) 

Ta (+73)(2X1)(8X3)(6X3)(8X3)(5) 

W (+74) (2 XI) (8X3) (6X3) (8X3) (6) 

(+74)(2Xl)(66+x)(6-x) 

— (+75)(2X1)(8X3)(6X3)(8X3)(7) 

(+75)(2Xl)(66+x)(7-x) 

Os (+76)(2X1)(8X3)(6X3)(8X3)(8) 


Structure uncertain 
In Ru 04 and 

Structure uncertain, x = 1, 
2, 4, 6, or 6 

Structure uncertain, x = 6 
Structure uncertain, x = 6, 
8, or 9? 


and 

and 

and 

and 

and 

In laT ICls, etc. 
or 


and 

In Pro* and 


and 

structure uncertain. x™l, 
2(?)or4(>) 
and 

Structure uncertain 
and 
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Table I continued 
Atomic Structures of the Elements 
(+76)(2Xl)(66+x)(8— x) Structure uncertain. x*2 

(?), 4(?), 6(?), or 6(?) 

Ir (-f77)(2Xl)(66-fx)(9— x) Structure uncertain. x«5, 

6 or 7 

Pt (+78)(2Xl)(66-i“x)(10— x) Structure uncertain. x'«(^ 

or 8 

Au (+79)(2Xl)(66+x)(ll— x) Structure tmcertain. x=8 

and (+79)(2X1)(8X3)(6X3)(8X2)(6X3)(1) 

Hg (+80)(2X1)(8X3)(6X3)(8X2)(6X3)(2) and 

(+80){2X1)(8X3)(6X3)(8X3)(6X2) or 

( +80) (2 X 1) (8 X 3) (6 X3) (8 X2) (6 X2) (4 X2) 

T1 (+81)(2X1)(8X3)(6X3)(8X2)(6X3)(3) and 

(+81)(2X1)(8X3)(6X3)(8X3)(6X2)(1) or 

(+81)(2Xl)(8X3)(6X3)(8X2)(6X2)(4X2)a) 

Pb (+82)(2X1)(8X3)(6X3)(8X2)(6X3)(4) and 

(+82)(2X1)(8X3)(6X3)(8X3)(6X2)(2) or 

(+82) (2 X 1 ) (8 X3) (6 X3) (8 X2) (6 X2) (4 X2) (2) 

Bi (+83)(2X1)(8X3)(6X3)(8X2)(6X3)(5) and 

(+83)(2X1)(8X3)(6X3)(8X3)(6X2)(3) ? or 

(+83) (2 X 1) (8 X3) (6 X3) (8 X2)(6 X2) (4 X2) (3) ? 

Po (+84)(2X1)(8X3)(6X3)(8X2)(6X3)(6) and 

(+84)(2X1)(8X3)(6X3)(8X3)(6X2)(4) ? or 

(+84)(2X1)(8X3)(6X3)(8X2)(6X2)(4X2)(4) ? 
(+8S)(2X1)(8X3)(6X3)(8X2)(6X3)(7) and 

(+85)(2X1)(8X3)(6X3)(8X3)(6X2)(6) ? or 

( +85) (2 X 1) (8 X3) (6 X3) (8 X2) (6 X2) (4 X2) (5) ? 

Nt (+86)(2X1)(8X3)(6X3)(8X3)(6X3) 

(+87)(2X1)(8X3)(6X3)(8X3)(6X3)(1) 

Ra (+88)(2X1)(8X3)(6X3)(8X3)(6X3)(2) 

Act (+89) (2 X 1)(8 X3) (6 X3) (8X3)(6 X3) (3) 

Th (+90) (2 X 1) (8 X3) (6 X3) (8 X3) (6 X3) (4) 

(+91)(2X1)(8X3)(6X3)(8X3)(6X3)(5) 

U (+92)(2X1)(8X3)(6X3)(8X3)(6X3)(6) and 

(+92)(2X1)(8X3)(6X3)(8X3)(6X2)(4X2)(4) 

to the kernel, making triplets out of pairs, in the manner de- 
scribed above. In different compounds the same element may 
have different numbers of electrons falling in to the inner shell, 
the number and arrangement of the valence electrons and 
of surrounding kernels exerting a great deal of influence. 
Surrounding the atom in question by oxygen, as in the 
chromates and permanganates, for instance, tends to keep 
electrons from dropping in. On the other hand, the max- 
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Table II 


Formulae representing Certain Compounds 


BF 4 - (+5) (2X1) (4X2) (4F)- 

Fe(CN)« (+26) (2X1) (6X3 + 2X2) (6X2) (GCN) 

Fe(CN)«— (+26) (2X1) (5X3 + 3X2) (6X2) ( 6 CN) — 

Co(NH,)*+++ (+27) (2X1) (6X3 + 2X2) (6X2) (6NHs)+++ 

Co(NOj) 6 — (+27) (2X1) (6X3 + 2X2) (6X2) ( 6 NO 2 ) — 

Ni++ (+28) (2X1) (4X3 + 2X2) (4X2)++ 

Ni(CN)4— (+28) (2X1) (4X3 + 2X2) (8X2) (4CN) — 

Ni(CO )4 (+28) (2X1) (6X3) (8X2) (4CO) 

Cu(NH,) 4 ++ ( +29) (2 X 1) (5 X 3- + 1 X 2) (8 X 2 ) (4NH,) ++ 

Cu(NH,)*+ (+29) (2X1) (6X3) (6X2) (2NH,)+ 

Zn(NH,) 4 +^ (+30) (2X1) (6X3) (8X2) (4NH,)++ 

Ag(NH,) 8 ++ (+47) (2X1) (8X3) (6X2) (6X2) (2NH3)+ 

ICI 3 (+53) (2X1) (6X3) (8X2) (6X2) (4X2) (3C1) 


I3- 

PtClj 

AuClj 

HAUCI 4 

Au(CN) 4 - 

Hg3++ 


■(+53) (2X1) (8X2) (6X2) (8X2) 

(+53) (2X1) (6X3) (8X2) (6X2) (4X2) 

.(+53) (2X1) (8X3) (6X2) (8X2) 

r+78) (2X1) (8X3) (6X3) (4X3 + 4X2)(6X2) 

(2X2) (2C1) 

(+79) (2X1) (8X3) (6X3) (4X3 + 4X2)(6X2) 

(3X2) (3C1) 

(+79) (2X1) 18X3) (6X3) (4X3 + 4X2) (6X2) 

(4X2) (3C1;C1H) 

(+79) (2X1) (8X3) (6X3) (4X3 + 4X2) (6X2) 

(4X2) (4CN)- 

f(+80) (2X1) (8X3) (6X3) (8X2) (6X3)1,++ 


imum number of electrons which can drop in seems to be 
reached in the simple positive ions, where there are no 
other atoms bonded to the atom in question. The number of 
electrons “drawn in” per atom for each of these elements in 
its various valences is tabulated in Table III A. Note the reg- 
ularity with which the number drawn in the most stable pos- 
itive ions increases with an increase in the nuclear charge. 

It seems probable that for the first elements, from titan- 
ium on, the basic structure is the cube (8 X 2 or 3), somewhat 
distorted of course, while at the end of the list the most stable 
arrangement is the octahedron (6 X 2 or 3), four of the faces 
of which are occupied by pairs, which are then arranged at 
the comers of a tetrahedron (4 X 2). Crystal stmcture 
evidence indicates that iron, cobalt and nickel kernels in some 
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Table III 

Electrons drawn in from Valence Shell to Kernel 

A. 


Ti 

0 

1 1 

2? 

- 

— i 

— 

_ , 

— 

- 

— 


■ ■ 

■■ 

V 

0 

1 

2 

3 

- 


- 

- 

- 

- i 

- 

- 

- 

Cr 



- 

3 

4 1 

- 

- 

- 


- 

- 



Mn 


1 

- 

3 

4 

5 

- 

- 

- 


- 



Fe 



2 


4‘) 

5 

G 


- 

- 

- 

- 

- 

Co 


- 

- 

- 


y) 

G 

i ^ 



~ 

- 


Ni 


- 

-- 


- 


(v) 

1 7 

S 

- 

- 


- 

Cu 


- 

- 

- ! 

- 

- 


- 

- 

9 

10 

- 


Zn 


- 

- 

- 

- 

- 

- 


- 

- 

10 


i _ 

Ga 

- 

- 

- 


- 

' - 

- 


- 


10 

11 

' 12? 

Ge 

B. 











10 


12 


Zr 

0 1 

_ 

2? 


— 

— 

__ 

__ ' 

— 

— 





Cb 

0 


2? 

- 

- 

- 

- 


- 

— 

- 


— 

Mo 

0 

1 

2 

3 

- 

- 

- 


- 

- 

- 

- 

- 

Ru 

0 

1 

2 

— 

4 

5 

G 

— 


— 

_ 



Rh 

- 


- 

- 


- 

G 

— 


— 

— 


— 

Pd 

- 

- 

- 

- 


- 

6 

- 

8 

0? 





C. 


W 

0 

1 

2? 

- 

4 

_ 

- 


-- 

_ 1 


- 


Os 

0 



2? 

1 

4? 

5? 

G? 



_ 


_ 

_ 

_ 

Ir 

0 

- 

- 

- 

- 

5 

6 

7 

- 

- 


- 

- 

Pt 

— 

~ 

— 

— 

— 

— 

6 


s 

— 

— 

— 

— 

Au 

- 

- 

- 

- 


- 

- 

- 

s 


10 


- 


compounds are surrounded by six valence electron-pairs at 
octahedron comers, indicating a cubical arrangement underly- 
ing, and in other compounds by four pairs, probably the result 
of an octahedron-tetrahedron kernel structure. In most 
nickel compounds, and in practically all those of copper and 
the following elements, there are four or a smaller number of 
pairs in each valence shell. This we may take as indicating 
a kernel containing a tetrahedron outside of an octahedron. 
Thus we arrive at the atomic formulae given in Table I. 

* Evidence from crystal structures indicates that in certain minerals iron, 
cobalt, and nickel atoms have four electrons each in the valence shell, besides 
those furnished by other atoms. 
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The “auxiliary valence” of these elements is merely their 
tendency or ability to add on compounds with “lone pairs” of 
electrons (valence pairs not acting as bonds or parts of bonds) 

R 

such as trivalcnt nitrogen compounds : N : R, cyanide ion 

R 

; C • • N water : O : H, halide ion : X etc. These lone pairs 
H 

occupy positions opposite the centers of the faces of the under- 
lying structure (cube or octahedron), forming, in the case of 
the iron and cobalt complexes, a valence octahedron, and in 
the case of the copper, zinc, and some of the nickel complexes, 
a (distorted) cube consisting of four valence pairs and four ker- 
nel pairs, outside of the underlying octahedron. To illustrate 
this a few of the “kernel formulae” of these compounds are 
given in Table II. Where it is only desired to indicate the 
valence electrons, formulae like the folloAving will also some- 
times be found useful: 


H, H, ^ 
N N 

+ + + 

f 

H.,N ;’Co':NH3 


HsN:Cu:NH3 

N N 

. H, H, _ 


N 

Ha 


Single bonds, it may be noted here, may be formed in 
either of three different ways: (1) by the union of two atoms 
each of which contains a lone (unpaired) electron, (2) by the 
union of an atom containing a lone pair with another atom 
capable of holding onto that pair, and (3) by the breaking up 
of a polyatomic polyelectronic bond, which bond is often 
formed as the result of the addition of two simple diatomic 
bonds, but, being usually quite unstable, exists only momen- 
tarily as an intermediate step in the reaction.* 

* It is important that the reader bear in mind throughout this discussion 
that a tetrahedron has four comers and four faces, a cube has eight comers and 
6 faces, and an octahedron has 6 comers and eight faces. 
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We are concerned at this point in the development of the 
present theory, only with reactions of the second type given 
above. Of these, the followring are typical examples: 


H 


- H - 


H+ + .NrH — »► 


H :N:H 


ii 


ii 


H 


H 


H :0 :H + :N:H — > H 

;0 :H :N: 

H 

H 


k 


y''. H 


:F: H 


:F:B ' + :N:H — 

:F 

: B : N; 

H 

>■; ii 


:F: H 


'F ' 


:F: 


:F:B — ► 


:F : B : ] 


y , 

L 

:F: 



r 

NHs 

1 

Zn++ + 4 : NHs — ► 

HsN : Zn : NH 3 


L 

NH, 

J 


- 

N N ■ 

— 



C C 


Fe++ + 6 [:C';;N:]~ — ► 

NC :'Fe:CN 




c c 




N N 

j 



As one modification of the above reaction we have the 
reaction of a positively charged kernel containing no electrons 
in its valence shell writh an atom containing a lone valence pair. 
The bond formed is here often very weak, since the attraction 
of the positive kernel for electrons is usually small. 

This type of reaction is of major importance in crystal 
formation. In this process each atom or molecule is acted 
on by several forces tending to form bonds in this way. Indi- 
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vidually these forces may be quite weak, but collectively they 
are quite sufficient to pull the atom or molecule into its proper 
position in the crystal. Once formed, these new bonds may be 
just as strong as, and even identically the same as, some of 
the bonds which originally (in the liquid or gaseous state) held 
the atoms of the molecule together. 

It is also this kind of reaction which often produces poly- 
merization and the formation of molecular aggregates (e. g., of 
H2O). 

The “simple” or first order compounds of elements 
(Cu, Zn, etc.) which are capable of adding lone pairs in this 
way have, as a general rule, high melting points, and often are 
very insoluble, both in water and other solvents, indicating 
that their crystal structures are very stable and hard to disrupt. 

From cuprous copper to krypton, valence electrons oc- 
cupy positions opposite the four faces of the inner octahedron 
which are not already occupied by pairs. They thus tend to 
form another tetrahedron, which is complete in bromide ion 
and krypton. This and the tetrahedron already there form a 
cube. 

The elements copper, zinc and gallium, although mono- 
di-, and trivalent, respectively, show a much greater tendency 
to add electrons and a much smaller tendency to give up their 
own (forming simple positive ions) than do potassiiun, calcium 
and scandium. The reason is that in atoms of the former 
elements the valence electrons can assume positions around 
the kernel octahedron which are but slightly farther from the 
nucleus than the electron-pairs in the kernel tetrahedron; 
this tetrahedron may then almost be considered as a part of the 
valence shell ; and the effective kernel charge — a rough measure 
of the restoring force acting on a valence electron-pair pulled 
out slightly from its equilibrium position in a radial direction — 
is then much greater than in atoms of the alkali or alkaline 
earth metals. 

There seems to be a very slight tendency in di- (and mono- ?) 
valent gallium, and perhaps in divalent germanium, for two 
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more electrons to be drawn into the kernel, forming, pre- 
sumably, two more triplets. 

Rubidium to Xenon 

The elements immediately following krypton, (-1- 36) 
(2 XI) (6 X 3) (8X2), are in every way similar to those 
following argon, a new shell being gradually built up on the 
outside of the krypton kernel. It is possible, although not 
necessary to the theory, that, under the influence of external 
forces, the cube and the octahedron may in some compounds 
(e. g., MoOr and RUO4) exchange places, each comer of the cube 
passing, in the shift, through a face of the octahedron, and each 
corner of the octahedron through a face of the cube. 

As with the elements following scandium, as soon as the 
nuclear charge becomes great enough, electrons are pulled in 
from the valence shell to change pairs to triplets in the next in- 
ner shell. This process may begin with zirconium, in its di- 
hydride, and columbium, in its trivalent compounds ; most cer- 
tainly it takes place in molybdenum compounds, the number 
of electrons drawn in varying from zero in M0O4 and MoFf„ to 
three, in M0CI3, etc. 

Table IIIB gives the number of electrons which are ap- 
parently drawn in per atom for the elements from Zr to Pd. 
It will be noticed that there is somewhat less regularity here 
than in the former case (Table IIIA). This and the fact 
that somewhere in the process the most stable arrangement 
becomes one of three shells (besides the innermost two elec- 
trons) — cube, octahedron and tetrahedron — ^makes an at- 
tempt to give an exact kernel stmcture for each of these ele- 
ments in each valence little more than a guess. Hence kernel 
formulae are not given for these substances in Table I. 

By the time silver is reached, however, the rearrangement 
has been completed and valence electrons begin to form a 
new shell on the outside of a kernel which we may represent as 
(-f- N) (2 XI) (8 X 3) (6 X 2) (4X2). These valence 
electrons take up positions opposite the unoccupied faces of 
the octahedron, (6X2), completing the cube around it in 
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iodide ion and xenon. This is exactly what we found took place 
in the elements copper to krypton; and the properties of the 
two groups of elements are strikingly parallel. 

Beginning with indium, another kernel arrangement is 
stable, the formula for which is (+ N) (2X1) (6 X 3) 
(8 X 2) (6X 2), or, possibly, (+ N) (2X1) (4X3 + 4 
X 2) (6X3) (4X2). The kernels of monovalent indium 
and divalent tin are probably of this type. Iodine, in such 
substances as I “3 and ICI 3 seems to exist in a form in which 
there are only five electrons in the valence shell, hence we may 
give it also this kernel formula; and we may also be justified 
in doing the same for trivalent antimony and tetravalent 
tellurium. 

Cesium to Uranium 

Xenon, cesium, barium, lanthanum and tetravalent 
cerium all have kernel structures (+ N) (2X1) (8X3) 
(6X2) (8X2). The properties of these elements corre- 
spond closely to those of the elements krypton to zirconium. 
At cerium the nuclear charge is again great enough to draw in 
electrons from the valence shell. Cerium is both tri- and tetra- 
valent, and the next thirteen elements (the rest of the rare 
earths) are invariably trivalent, with the probable exception 
of praseodymium in the compound PrOa, indicating that the 
increase on the charge on the nucleus from one element to the 
next is just sufficient to cause one more electron to fall in and 
make another triplet. This regularity may be attributed to 
the fact that no intra-kernel rearrangement occurs other than 
the formation of triplets from pairs, and that the kernel has 
not a great attraction for electrons and hence is but slightly af- 
fected by atoms and electrons outside of it, which was not so 
true in the other cases where the electrons were drawn in. 

When fourteen electrons have fallen into the kernel, all 
of the pairs have become triplets; further increase in nuclear 
charge must therefore result in an increase in the number of 
valence electrons. Thulium II should have a valence of four; 
tantalum, we know, is pentavalent like columbium; tungsten 
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is in many of its compounds bexavalent ; and osmium is octava* 
lent in the tetroxide. 

But here we find that electrons are once more drawn in to 
the kernel, this time irregularly (Table IIIC), indicating, as 
before, some sort of a rearrangement of shells. Again the 
present theory does not enable us to give to each element in 
each of its valences a definite structure which we can reason- 
ably be sme is correct, until we come to gold. 

In its trivalent form the gold kernel is like that of divalent 
platinum (see Table II). In its monovalent compounds it 
has, no doubt, either of the two following structures: 

(-1- 79) (2 X 1) (8 X 3) (6 X 3)( (8 X 2) (6 X 3) (1) or (+ 79) 

(2 X 1) (6 X 3) (8 X 3) (6 X 3) (8 X 2) (1). 

If, as seems likely, the continuity of the curves obtained 
when the square roots of the frequencies of the L series of 
X-radiations are plotted against atomic numbers, means that 
the second shell out from the nucleus remains essentially 
the same for all elements from zinc to manium, then the second 
of these structures is eliminated.* Hence we shall provision- 
ally assume the former arrangement. 

The addition of two more electrons to the kernel makes 
the structure (-1- N) (2 X 1) (8 X 3) (6 X 3) (8 X 3) (6 X 2) 

(or perhaps, (-f N) (2 X 1) (8 X 3) (6 X 3) (8 X 2) (G X 2) 

(4 X 2)) possible. Mercury, in the liquid and gaseous states, 
has no doubt this structure. Were it not for the possibility of 
shifting to the other form (+ N) (2 X 1) (8 X 3) (6 X 3) 
(8 X 2) (6 X 3) (2), we might find mercury a member of the 
inert gas group of elements. In all of its compounds the mer- 
cury atom possesses two valence electrons, two metal atoms 
being bonded together in all mercurous compounds, as shown for 
mercurous ion (Hgj) in Table II. 

Thallium, lead, and bismuth each form two series of 
compounds, corresponding to the two possible kernel arrange- 

1 If this assumption is correct, monovalent indium, divalent tin, etc., 
should each show a different L series spectrum from that obtained from these 
elements in compounds in which they exhibit their higher valences. To the au- 
thor’s knowl^ge, this has not been tested experimentally. 
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ments. In its monovalent compounds thallium has the prop- 
erties of an alkali metal, which is striking evidence of the fact 
that its kernel is structmally very similar to those of the rare 
gases. 

Niton, atomic number 86, has the structure (-1- N) 
(2 X 1) (8 X 3) (6 X 3) (8 X 3) (6X3); and since there is 
no other stable arrangement to which it can shift (as there is 
in the case of mercury), it is one of the inert gases, having no 
tendency either to give up or to add on electrons. 

Radium, thorium and uranium, in their compounds, show 
that they have two, four, and six valence electrons, respec- 
tively, indicating that they each have a kernel like that of 
niton. Uranium in its tetravalent compounds may have either 
a lone valence pair, or, as seems more likely, the structure 
{+ 92) (2 X 1) (8 X 3) (6 X 3) (8 X 3) (6 X 2) (4 X 2) (4). 

Laws of Fopoe 

We shall now return to the consideration of the laws of 
force between electrons and between nuclei and elctrons. Al- 
though no attempt will be made in this paper to ascertain just 
what the true laws of force are at small distances, still it should 
be of interest to show, by a simple example, how the formation of 
pairs and triplets is the direct result of the type of law assumed. 

In Fig. 1 are shown some curves representing laws of force. 
Each of these, except h, possesses a maximum followed by a de- 
crease in the force as the distance decreases from that cor- 


responding to the maximum. Curves a to g, inclusive, repre- 
sent the following equations, in order: 






, _ ee'r 
^ ~ r^ + 1 ’ 


, _ ee'r^ ee’{r^ -f 0.02) 

J-r*^VJ- r*+l 


0.667 


) 


In each of the above, r is the distance between the two charges 
e and e' the magnitude of the charges, « is the base of natmal 
logarithms. In plotting the curves, e and e' were taken as 
unity. Curves a and fo are of types suggested by Lewis;' g is 


‘ G. N. Lewis: Science, 46 , 297 (1917). 
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of a type used by J. J. Thomson* Langmuir^ and others; 
j represents Coulomb’s law. 



Fig. 1 

Let us now assume that both repulsion between two elec- 
trons and attraction between a nucleus and an electron obey 
the law represented by curve e. 

Lithium 

From the equation 

^ 2 X 0.800 X 1.7.32V^ 

'■^+1 1.732 V* 4- 1 

we can obtain r = 0.564 A. as the equilibrium distance of each 
of three symmetrically placed electrons from the nucleus. By 
a rather laborious combined graphical and analytical method 
it may be shown that if one electron is displaced slightly toward 
one of the others, the resultant force acting on it will tend to 
return it to its previous symmetrical position; but if two elec- 
trons approach each other closer than about 0.37 A., the 
resultant force tends to force them still closer together, until, 
as a matter of fact, they are coincident. 


> PhU. Mag., 41, 610 (1921). 
» Science, 53, 290 (1921). 
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rr ft.., + 0.02) 

If we assume a slightly different law, say / = ^ 

(Curve /, Fig. 1), coincidence will not result. There will then 
be two equilibrium arrange- 
ments, one with the three ’’ 

electrons at the comers of 
an equilateral triangle, each ^ 

at a distance of 0.548 A., the other with two electrons 0.39 A. 
from the nucleus and 0.10 A. from each other and the third elec- 
tron at a distance of 0.61 A. from the nucleus. (Fig. 2.) 


Beryllium and Boron 

It may similarly be shown that in an atom of beryllium 
or boron, were the same law of force acting, there would be two 
equilibrium configurations, one the symmetrical arrangement, 
the other an arrangement in which two of the electrons are 
paired. The distances between the charges in these assumed 
structures may be computed, but for our present purpose they 
are unimportant. 

It is easy to see how the actual law of force might make 
only the unsymmetrical disposition stable, or how even with 
the assumed law, oscillations of the electrons might have the 
same result. 


Carbon and Nitrogren 

If we assume that the inner pair of electrons in carbon acts 
in every way as though a part of the nucleus, the computa- 
tion for carbon is just like that for beryllium and there are 
again two stable arrangements for the four outer electrons. 
For some reason, however, the unsymmetrical configuration 
is rarely, if ever, assumed. This may be because of the two 
inner electrons tending to prevent the shift, or merely because 
we have not made the right assumptions with regard to the 
law of force. 

In nitrogen, because of the fact that the nuclear charge is 
greater and because in the most symmetrical disposition five 
electrons must be much closer to each other than four, pairing 
of two of the valence electrons must occur. 
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Other Elements; Triplets; Four-electron Groups 

Pairing in other elements occurs in the same way, and for 
similar reasons as in the elements just considered. In a cor- 
responding manner also, if two pairs in the same or different 
atomic shells are forced close enough together, one of the elec- 
trons in one pair will join the two in the other pair, forming a 
triplet. This leaves a single electron, which immediately pairs 
off with another (usually one from the valence shell). Also, 
if a single electron in the valence shell is drawn within the dis- 
tance of maximum repulsion from a pair in the outermost 
kernel shell, the single valence electron will drop into the kernel, 
forming a triplet. 

In case two triplets, or a pair and a triplet, were pulled 
sufficiently close to each other, we should expect from similar 
reasoning that a group of four electrons would be formed; 
but the author has been unable to work out a concordant system 
of structmes on such a basis, hence we may assume that even 
in the heaviest elements the nuclear pull on electrons is not 
strong enough to accomplish such a result. 

The Three-eleetron Bond 

There is nothing contrary to this theory in the idea of a 
three-electron bond. Such a bond between two atoms, how- 
ever, could only be stable if the three electrons joined two ker- 
nels which both had a strong attraction for electrons but which 
did not repel each other with too great a force. Such a condi- 
tion is met writh in the compound NO. Although both kernels 
maintain a strong hold on the bond between them, their mu- 
tual repulsion causes them to be forced closer to the remaining 
electrons. Because of the strong attraction of each kernel for 
these they are drawm in so close that if they were arranged at the 
points of tetrahedra, as in most nitrogen and oxygen compounds 
they would be somewhat closer to each other than the dis- 
tance of maximum repulsion. Hence triangles of electron- 

groups are formed around both kernels. The compounds 

0 * % 

might be represented in this way: ^ N 1° O ^ 
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Similarly we might give* 

eo 

N 

NO2 the structure •"qV The addition of the second 

00 *00® 

oxygen atom to the compound increases the distance between 
the points of the triangle around the nitrogen, and also around 
the oxygen. The whole structure is less stable and more re- 
active ; the electrons of the lone pairs are less firmly held in po- 
sition at the comers of the triangles. Hence the substance is 
colored and tends to polymerize to N2O4. 

There seems to be little or no evidence of three electrons 
acting as a single bond between any other two elements, but 
evidence is presented elsewhere by the author* of bonds 
joining more than two atoms which consist of three, four, 
five, six, seven, or even eight electrons. 

The Stability of the Pair 

The fact that a large majority of known compounds con- 
tain (outside of the atomic nuclei) a total number of electrons 
which is even, and that among those compounds which con- 
tain only elements of comparatively small atomic weight, an 
“odd molecule” is almost invariably colored, reactive and un- 
stable, has led many to believe that there is something inher- 
ently stable about the pair of electrons both in chemical bonds 
and in atomic kernels. But the theory developed in this paper 
shows that this is not necessarily the case. Under certain 
conditions — in the inner shells of atoms with large nuclear 
charges — the triplet is stable and the pair is unstable. In all 
of the lighter atoms and in the valence shells of all atoms, it 
is true, the pair tends to form rather than triplet. Away 
from the influence of positive charges, electrons show no ten- 
dency even to pair. 

Since triplets exist mainly, if not entirely, in the kernels 
of the heavier atoms, and since the stable shells of triplets are 
those containing an even number (6 or 8) of groups, in com- 
pounds of these elements also the total number of electrons is 

* Huggins: Jour. Am. Chem. Soc., August, 1922; Science, July, 1922. 
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even, except where the process which has been styled the 
“dropping in” of electrons is taking place — ^where shells of pairs 
are but partly changed to shells of triplets. Whenever an odd 
number of electrons has “fallen in” to the kernel — ^that is, 
when the kernel contains an odd number of triplets — ^the total 
number of electrons in the compounds of that element in 
that particular valence will be odd, unless, of course, there are 
two such elements in the compound. In these cases the odd 
number of electrons is not accompanied by instability, reac- 
tivity, and intense color, unless these are due to other causes. 

This theory, then, not only explains the cause of an even 
total number of electrons in so many compounds, but specifies 
in what compoimds there will be an odd number, and whether 
or not the odd molecule will be unstable, highly colored and very 
reactive. 

EleetFonie Positions; Speetroseopy 

The “positions” of electrons in the various atoms which 
have been presented in this paper should of course be considered 
merely as equilibrium positions, about which there may be 
oscillation or rotation of the electrons or electron groups. 

Since the actual laws of force acting between the ele- 
mentary positive and negative charges are still unknown to us, 
we cannot at the present time compute the distances between 
electrons in the pairs and triplets and the radii of the various 
shells in the atoms of each element. For the same reason 
this theory in its present form cannot be checked up by means 
of spectroscopic facts. It is to be hoped, however, that the 
limitations which the theory seems to place on the variations 
of the force laws at small distances, will aid in the search for 
the truth regarding them. 

Summary 

The Lewis theory of valence and atomic structure is as- 
sumed to be correct for the lighter atoms. The evidence in 
favor of a tetrahedron of electron-pairs, rather than a cube of 
single electrons, being the most stable arrangement for the 
valence shell in these atoms — an idea also proposed by Lewis — 
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is presented. It is shown how the stability of such an arrange- 
ment may be the result of the deviation of the force law be- 
tween two electrons from Coulomb’s law at small distances. 
The chief requirement for this purpose is “that as two elec- 
trons approach each other, the repulsion between them reaches 
a maximum at a distance of the order of magnitude of 1 A., the 
force then decreasing, for a considerable proportion of the re- 
maining distance, at least.” As result of a law of this type, 
whenever two electrons, forming part of an atomic shell, are 
forced close enough together, they come still closer to each 
other — that is, they pair off — and when two pairs, or a pair 
by the attraction of an atomic nucleus and the repulsion of 
other electrons, a triplet is formed. Based on this assumption 
and on the idea that the electrons in an atomic shell tend to 
place themselves opposite the centers of the facesof the imagi- 
nary polyhedron formed by the electrongroups in the next 
underlying kernel shell, an arrangement of electrons is ob- 
tained for each element in each of its valences (with a very 
few exceptions, not yet completely worked out) which con- 
forms to the known properties of that element. For these ar- 
rangements Table I may be consulted. Periodic relation- 
ships are also simply and logically accounted for. 

The author wishes to here express his grateful apprecia- 
tion of the kindly criticism and advice received from other 
members of this Department, especially Professors G. N. Lewis 
and Wm. C. Bray. 

Chemical Laboratory 

University of California 

Berkeley, California 



THE MEETING AND FREEZING POINT OF 
SODIUM CHLORIDE* 

BY JOHN BRIGHT FERGUSON 

The melting or freezing point of sodium chloride is usually 
relegated into the category of a secondary thermometric point. 
However, there is much to commend the use of this point 
to workers in chemical laboratories where the pure salt and 
suitable containers* are readily obtained. For this reason, we 
desire to place on record some determinations of this point, 
which we were led to make by a somewhat unsatisfactory 
calibration of a thermo-element at this point. 

Thermo-couple and Calibration 

A platinum: platinum-rhodium thermo-element was used. 
The wires were 0.5 mm in diameter and from pre-war German 
stock. 

The electrical measuring apparatus consisted of a Wil- 
liams double potentiometer, set up essentially as given by 
White.* The galvanometer was of such sensitivity, that a 
reading of 50 divisions on the scale corresponded to 10 micro- 
volts. 

A properly insulated alundum tube, wound with nichrome 
wire, served as a heating unit. Inside the alundum tube a 
large silica test-tube was placed and the crucible containing 
the metals were so placed in this test-tube as to be in the re- 
gion of uniform temperature in the furnace. 

Crucibles turned from Acheson graphite .rods were used as 
containers for the cadmiun, zinc, antimony, copper-silver 
and copper samples. Lids and graphite powder were also 
prepared from the same rods.^ 

^ Contribution from the Chemical Department of the University of Toronto. 

2 Nickel crucibles have been recommended. Bur. Standards, Circ., 66f 
10 (1917). 

* W. P. White: Jour. Am. Chem. Soc., 36, 1880 (1914). 

* Day and Sosman’ Am. Jour, Sci., 29, 125 (1910). Bur. Standards, 
Circ., 66, 11 (1917); 7, 5 (1920). 
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The silver point was determined by the wire method; 
the bare element was placed in a clean silica test-tube like that 
in which the crucibles were placed but free from carbonaceous 
material and the tube evacuated. Silica tubing was used both 
to insulate the parts of the element and also to protect it when 
necessary. 

The cadium, zinc and antimony were from a stock of 
Kahlbaum’s best pre-war chemicals. The copper consisted of 
carefully selected bright chips of electrolytic copper from the 
same source. The silver was obtained from the mint at Ottawa 
through the courtesy of the Director and was certified 999.9 
fine. 

The results obtained at these fixed points are given in 
Table I. For comparison, the values given by Adams* for 
a standard element are given and also the corresponding tem- 
peratures in degrees centigrade upon the thermodynamic scale. 

Table 1 

Values obtained in the calibration at the fixed points 


Material 

Freezing 

point 

Melting 
point 1 

Standard 

element 

Temper 
ature 
deg cent. 

Cadmium 

250G.4 

2509.4 

2503 

320.9 

Zinc 

3429.6 

3430.5 

3430 

419.4 


3428 

3428.3 

— 

— 

Antimony 

Copper-silver Eutectic 

.5539. 1 

5.541.7 

5530 

()30 

Sample iM)% Silver 

7106.5 

7123.2 

7102.1 

779 

Silver Vacuum Wire 

7108 

7121.4 

— 

— 

Method 

— ■ 

9161 

— 

— 


— 

9159 

9111 

900.2 

Copper 

10574 

10586.5 

loryU 

1082.8 

10575.5 

1058.5.4 

— 

! 


The results given in the previous table would indicate 
that our element gave slightly greater E. M. F. values at tem- 

’ L. H. Adams; Jour. Am. Chem. Soc., 36, 65 (1914). The value for the 
copper-silver eutectic is not given by him but is easily derived from his table as- 
suming the value 779° given by the Bureau of Standards. 
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peratures above that of the zinc point, than did the standard 
element. The results cannot all be considered of equal weight 
since the experimental errors would tend to lower the copper 
value (oxidation) whereas in the case of the silver value they 
would raise it (wire method). The copper-silver eutectic 
value may be low if other than the eutectic composition be 
used.' The freezing points taken by us with this material 
were sharp, showing the slight under-cool with subsequent 
slow heating mentioned by Waidner and Burgess. In one case 
prior to the break, the cooling was at the rate of 10 microvolts 
per minute; at the break the temperature first rose 1 micro- 
volt in two minutes, remained constant 1 minute and then 
fell 1 microvolt in three minutes (1 fiv = 0.09 degrees). This 
break would seem to leave nothing to be desired. However, 
in view of the work of Waidner and Burgess, we think that the 
melting point determinations probably correspond closer to 
the true eutectic temperature than do our freezing determi- 
nations. 

A deviation curve,* for calibration purposes, was drawn 
by plotting the differences in microvolts between our values 
at the fixed points and those of the standard element, against 
the temperatures in degrees centigrade . The differences chosen 
were; zinc 0, antimony 10, copper-silver eutectic 20, silver 
49, and copper 52. The curve was drawn so as to lie midway 
between the two latter values. This curve indicates that our 
element gives a reading 22 microvolts higher than the standard 
element at 800 degrees and this deviation appears to be as 
great a deviation as can be consistently deduced from our 
results. 

Sodium Chloride Determinations 

The sodium chloride determinations were carried out in 
the silica test-tube used for the silver determinations. The 
salt was first melted in a platinum crucible over a blast-lamp, 
care being taken to avoid the reduction of the salt. The 

' Waidner and Burgess: Bur. Standards, Bull., 62, 149 (1909). 

* R. B. Sosman: Am. Jour. Sci., (4) 30, 7 (1910). 
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bare thermo-element was then allowed to freeze in place and 
the crucible and element transferred to the silica test-tube in 
the resistance furnace. The crucible held about 15 cc and was, 
unless otherwise stated, filled three quarters full of the molten 
salt. The freezing point of the salt was taken as the highest 
temperature to which the salt heated up after the slight under- 
cool. The melting point was taken as the upper break on the 
melting curve. 

The results are given in T able II . The temperatures given 
were calculated from the deviation curve and are in degrees 
centigrade on the thermo-dynamic scale. 


Table II 

Melting and Freezing Point Determinations for Sodium Chloride 



Melting point 

Freezing point 


Material 

j 

Micro- 

volts 

Average 
in °C 1 

Micro- 

volts 

.\verage 
in "C 

Remarks 

Kahlbaum’s 

73S9.:i 

803.4 

7:186.4 

<803.1 

Element in centre 

purest salt 

73.S8.S 

— 

7387.3 

— 

of charge 

from pre- 
war stock 



__ 

7384.6 





7.‘i87,8 

— 

7379.2 

— 

Small charge ele- 


7382. S 



7376.2 



ment in surface 
Element at side 

J. T. Baker 

7386.1 

so:m 

7381.6 

802.7 

near top 

Element in centre 

C. P. 
Squibb’s 

7388.8 

803.4 

7387.2 

803.2 

of charge 

Element in centre 

C. P. 

Merck C. P. 

7391.1 

803.0 

7387.4 

803.1 

of charge 
Element in centre 


7391.3 

— 

738'). 5 

— 

of charge 


Discussion of Results 

These results would indicate that the pure salt freezes 
at 803° =*= 1° C. The generally accepted value is 801° C. 
The values given by the following workers ‘ also support a 
higher value than that now accepted: Plato, 804.1; Arndt, 

‘ Landolt-Bornstein, Roth: Physikalisch-chemische Tabellen, page 222 

<1912). 
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805; Sardonini, 806; and Menge, 803. Griffiths’ value^ of 
801, obtained with a salt 99.98% pure, made for dairy pur- 
poses, would seem also to favor a higher value since such salt 
could hardly be of the same purity as our best reagent chem- 
icals. 

Toronto, Canada 

^ Ezer Griffiths: ‘‘Methods of Measuring Temperatures/’ page 75. 



CATALYTIC PREPARATION OF AZOBENZENE AND 

ANILINE. II 

BY C. O. HENKE AND O. W. BROWN 

Introduetion 

In our previous work we have shown that nitrobenzene is 
reduced by hydrogen to azobenzene in the presence of suitable 
catalysts.* Of a large number of catalysts studied, lead and 
bismuth were found to be the only catalysts which gave azo- 
benzene in large amounts. Small amounts of azobenzene 
were secured with chromium, antimony and manganese while 
with the other catalysts a colored product was obtained, the 
color possibly being due to azoxybenzene and azobenzene. 
We have secured this formation of azobenzene with th al lium 
as catalyst. 

Expeplmental Details 

The apparatus used was the same as that described in our 
previous papers with the exception of the following minor 
changes. A glass combustion tube was used instead of the 
'/j" iron pipe. Also the thermometer capillary extended 
farther into the combustion tube than the T tube through 
which the hydrogen and the capillary are led into the com- 
bustion tube. This eliminates the probability of any nitro- 
benzene vapors being entrapped between the T tube and the 
combustion tube. 

In our previous work the hydrogen (which was obtained in 
steel cylinders) was purified by passing through a heated tube 
filled with pieces of copper, bubbling through concentrated 
sulphiuic acid and then passing over sticks of caustic. It 
then; passed through the flowmeter and into the furnace. 
It was found, however, that small particles of sulphuric acid were 
mechanically carried out of the sulphuric acid bottle, through 
the tower containing solid caustic, through the flowmeter and 


* Henke and Brown: Jour. Phys. Chem., 26, 324 (1922). 
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into the furnace. N ot all of the .sulphuric add particles reached 
the furnace. Most of them were deposited in the rubber and 
glass tube connections and in the caustic tower. Some, however, 
were deposited in the flowmeter capillary and some passed 
into the furnace. The small amount of acid deposited in the 
capillary of the flowmeter would cause it to read a little too high. 
It was found that these minute particles of sulphuric acid could 
be stopped by introducing between the caustic tower and 
the flowmeter a U tube filled -with glass wool. The glass 
wool seems to effectually remove the sulphuric add particles, 
for after a flowmeter had been used in this way for about 
three months not a trace of acid could be detected in the capil- 
lary of the flowmeter. 

The method of procedure and the methods of analysis 
were the same as described in our previous papers. 

Experimental Results 

To purify the metallic thallium it was dissolved in sul- 
phuric acid. This solution was heated to boiling and then 
saturated with H 2 S to precipitate any Bi, Sb, As, etc., which 
might be present. After standing for some time it was filtered 
and then boiled to remove excess H 2 S. An excess of ammonia 
was then added to the filtrate to throw down iron and alumina 
and the solution again boiled and filtered. If the filtrate was 
not almost colorless this operation was repeated. From the 
clear, nearly colorless filtrate TlCl was precipitated by HCl. 
This was filtered out and digested with H2SO4 with the addi- 
tion of HNOs and HCl until all the thallium was oxidized to the 
thallic condition. Then the digestion was continued until 
free from chlorine. Pure thallium hydroxide was then pre- 
cipitated with ammonia, washed, filtered and dried. Twenty- 
one grams of the dried oxide was used as catalyst which was 
placed in the same part of the tube as in our previous work. 

The thallic oxide was reduced by a slow current of hydro- 
gen (1.7 liters hydrogen per hour), the temperature being raised 
gradually. The reduction of the oxide by hydrogen is an exo- 
thermic reaction. The heat evolved causes an increase in 
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temperature at that point of the catalyst column where the 
reduction is taking place. The reduction begins at that end of 
the catalyst column where the hydrogen first strikes it. As 
the reduction proceeded the temperature indicated by the 
thermocouple was kept below 250°. When, however, after 
about two hours, the reduction zone reached the thermo- 
couple the temperature indicated by the thermocouple sud- 
denly rose to 278° and after a few minutes dropped again to 
about 250°. 

The results of experiments with this catalyst are given 
in Table I. In each experiment 2 cc of nitrobenzene was used, 
the same as in our previous work. 


Table I. 

Temperature of catalyst — 200° C. 

Rate of flow of nitrobenzene — 4 . 1 grams per hour. 


Experiment 

number 

Hydrogen 
in liters 
per hour 

Excess of 
hydrogen 
in Tc* 

Material 
yield of 
aniline 
in % of 
theory 

Material 
yield of 
azobenzene 
in Vr; of 
theory 

Total 
material 
yield in 
% of theory 

HJ4-2 

14 

830 

2.4 

08 0 

70.9 

7J4-2 

14 

830 

2.0 

05.3 

07.3 

8J4 2 

7 

370 

2.7 

78.9 

.81.0 

9J4-2 

7 

370 

3.4 

70.0 

79.4 

1014-2 

.3.5 

130 

3.4 

89.9 

93.3 

11)4-2 

3.5 

130 

4.0 

85.5 

89.5 

12T4-2 

1.7 

13 

4.3 

90.2 

94.5 

13)4-2^ 

1.7 

13 

2.0 

51.8 

53.8 


From the above results thallium is a catalyst producing 
azobenzene almost to the exclusion of aniline. The aniline 
yields are without exception very low. Besides azobenzene, 
azoxybenzene was also produced. The amount of azoxyben- 
zene produced was not determined. 

The results of Table I are shown graphically in Fig. 1. 
In curve A are plotted the results of the &st experiment at 

^ The excess of hydrogen is calculated from the amount that would be 
required to produce azobenzene. 

2 In experiment 13J4~2 10 cc of nitrobenzene was used instead of 2 cc. 
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each rate of flow of hydrogen while in curve B are plotted the 
results of the second experiment at each rate of flow of hydro- 
gen. The result of experiment 13J4-2 is not plotted in the 
figure because a 10 cc portion instead of a 2 cc portion was 

used in this experiment and 
hence is not comparable to the 
others. Both curves show 
that each time the rate of flow 
of hydrogen was decreased the 
yield increased even to the 
point where the excess of hy- 
drogen was very low. Curve 
B is lower than curve A . That 
is, the second experiment at 
any given rate of flow of hy- 
drogen was lower than the 
first experiment. This indi- 
cates that the catalyst loses 
its activity with use. Then one would expect that if the first 
experiment had been carried out with the rate of flow of hy- 
drogen at 1 . 7 liters per hour a higher total material yield than 
94 . 5% would have been obtained. 

This decrease in activity with use is probably due to the 
fact that thallium melts and runs together. The melting point 
of thallium as reported in the literature is about 301 °. It was 
stated above that the reduction of thallic oxide by hydrogen was 
an exothermic reaction. With the slow rate of 1.7 liters 
hydrogen per hour the temperature rose from 260 ° to 276 ° when 
the zone of reduction reached the thermocouple. With a pre- 
vious thallium catalyst in which the rate of flow of hydrogen for 
the reduction was 5.2 liters hydrogen per hour the tempera- 
ture as indicated by the thermocouple rose from 240° to 304°. 
Probably with the slow rate of hydrogen each little particle 
when it was reduced became heated to a higher temperature 
than indicated by the thermocouple, probably above the melt- 
ing point of thallium. Also the reduction of nitrobenzene 
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is an exothermic reaction. Hence when used as a catalyst 
probably the little particles were frequently heated above the 
melting point of the thallium for a short time. 

This melting and running together was not encountered to 
such a great extent with the lead and bismuth catalysts as 
was pointed out in a previous paper. The lead and bismuth 
catalysts were frequently used 30° and even more above their 
melting points. Sometimes they would melt and sometimes 
they would not melt, probably depending on the physical con- 
dition of the oxide from which it was reduced. Of the three, 
thallium melts the most easily and lead the least. In this 
connection it is interesting to note that thallium produced 
practically no aniline while lead gives high yields of aniline, 
bismuth being intermediate. If lead adsorbs hydrogen strongly 
one might suppose that this adsorbed layer of hydrogen pre- 
vented the particles of lead from running together. Likewise 
if thallium does not adsorb hydrogen (except in small amounts) 
one might assume that as being sufficient reason for its melt- 
ing and running together. This could be explained in an 
exactly similar manner if one assumed the formation of a hy- 
dride. 

Our previous work with lead showed that the physical 
condition of the oxide from which the catalyst was made de- 
termined to a great extent whether or not it would run to- 
gether. The catalyst from a coarse crystalline oxide did not 
run together into globules as easily as the one from a fine 
amorphous oxide. Thinking that this same thing might hold 
true in the case of thallium, some precipitated thallic oxide was 
treated with nitric acid and ignited, the temperature being al- 
lowed to rise to 450° C. The resulting oxide was a coarse 
heavy oxide, 50 grams being required to fill the trough for 
putting the catalyst in place while only 21 grams of the pre- 
cipitated oxide were required. This catalyst after reduction 
was used under the same conditions as experiment 6J4-2 and 
gave an 89.5% yield of azobenzene and 3.5% yield of aniline. 
The second experiment, carried out like experiment 10J4-2, 
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gave an 89.9% jdeld of azobenzene and 6.4% yield of aniline, 
a result very similar to that of experiment 10J4-2. Upon ex- 
amining the catalyst it was found to have mdted and run to- 
gether as the previous thallium catalysts. 

Sabatier^ states that under certain conditions platinum, 
when used as a catalyst in the reduction of nitrobenzene, gives 
some white crystals of hydrazobenzene. We have secured 
high yields of azobenzene with thallium, lead and bismuth as 
catalysts. This suggests an analogy between atomic weight 
and catalytic activity for when arranged in the order of their 
atomic weights Tl, Pb and Bi faU together, one after the other, 
while Pt precedes Tl by only two elements, mercury and gold. 
If the analogy holds these two metals should act as catalysts 
producing azobenzene or hydrazobenzene. 

Table II 


Rate of flow of nitrobenzene — 4.4 grams per hour. 
Rate of flow of hydrogen — 14 liters per hour. 
Excess of hydrogen — 480%. 


Experiment 

number 

Temperature 
degrees C 

Material yield 
of aniline in 
% of theory 

7K2* 

260 

85.9 

8K2 

2()0 

54.8 

10K2« 

279 

90.9 

11K2 

298 

93.2 

18K2 

317 

90.3 

19K2 

336 

98.3 

20K2 

355 

99.7 


A gold catalyst was prepared by dissolving 5 grams of 
gold in aqua regia, adding 4 grams of asbestos, and evaporating 
and drying. When this catalyst was used at 260° some solid 
red azobenzene appeared in the condenser but there was prac- 
tically no aniline. In the attempt to get a more active cat- 

> Sabatier: “La Catalyse,” p. U2 (1913). 

• In this experiment the rate of flow of nitrobenzene was 1.9 grams per 

hour. 

• Previous to this experiment the catalyst was heated in hydrogen to 342® C. 
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alyst 6 grains of gold were dissolved in aqua regia as before 
and then boiled down several times with nitric acid. However 
this treatment did not remove all the chlorine. Four grams of 
asbestos were then added and the resulting mass dried at about 
50°. This catalyst was put in the furnace and reduced at 
260°. Some of the results with this catalyst are given in 
Table II. 

In the first experiment (No 7K2) 0 . 185 gram of a white 
crystalline solid appeared in the condenser. It had a melt- 
ing point of about 194° C. It was soluble in alcohol, water and 
dilute NH4OH and dilute HNO3. When dissolved in NH4OH 
it gave a white precipitate upon the addition of H2SO4, which 
was soluble upon the addition of more ammonia. However 
the original white solid would dissolve and give a clear solu- 
tion in dilute H2SO4. When dissolved in HNO3 it gave a 
white precipitate upon the addition of AgN 03 which was 
soluble in NH4OH. When burned on a platinum wire it left 
no ash. It was probably a chlorazo or hydrazo compound. 

In the second experiment only a small amount of this 
compound was formed. Also the aniline yield decreased a 
great amount indicating a decrease in activity. The first 
gold catalyst also decreased in activity with use, solid red 
azobcnzene being formed in the first experiment but not in 
the second experiment. This indicates that gold is capable of 
producing small amounts of azobenzene and thus fits in the 
analogy, although its activity in this direction is very low. 

Mercury was also tried but probably due to the fact that 
it is liquid at room temperature no catalytic effect was obtained. 
At most this analogy between atomic weight and catalytic 
activity is probably only one factor, for a lead catalyst can be 
prepared which will give 97% yields of aniline at 310° and 
on the other hand one can be prepared which will give 55% 
yields of azobenzene at 290°. 

Gold is moreover capable of giving high yields of aniline, 
in fact almost theoretical yields, experiment 20K2 giving a 
99 . 7% yield of aniline. However it loses its activity with use. 
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Thus experiment 18K2 is a little lower than 11K2 while if it 
had followed 11K2 it would probably have been higher. 

Summary 

1. Thallium has been shown to be an excellent catalyst 
for reducing nitrobenzene to azobenzene, giving very little 
aniline. 

2. The activity of the thallium decreases very rapidly 
with use, probably caused by its melting and running together. 

3. With thallium at 2C0°C and 13% excess of hydrogen 
a material yield of 90 . 2% azobenzene was obtained. 

4. An analogy between atomic weight and the property of 
acting as a catalyst in the formation of azobenzene’ has been 
pointed out. 

5. Gold has been shown to have high catalytic activity 
for producing aniline which decreases with use. With gold 
as catalyst the yield of aniline at 355 °C is almost quantita- 
tive. 

Laboratory of Physical Chemistry 

Indiana University, Bloomington 



THE ROLE of hydrogen- AND HYDROXYL-ION 
DIFFUSION IN NERVE AND MUSCLE ACTION 

BY ELLIOT Q. ADAMS 

Resemblances of Nerve and Muscle. — Many points of re- 
semblance between the working of nerve and of muscle have 
been noted by physiologists. The same mechanical, thermal, 
electrical or chemical stimuli induce activity of both. While 
the necessary duration and intensity of stimuli are different 
for muscle and for nerve, such differences exist to a lesser 
degree also between different nerves and between different 
muscles. Both exhibit at the moment of activity a change in 
electric potentiaU of from 20 to 80 millivolts — the “negative 
variation” of duBois-Reymond. The activity of both kinds 
of tissue is diminished by cooling, and destroyed by heating 
to temperatures even lower than the coagulation point of any of 
the tissue proteins. These similarities have suggested to 
many observers the identity of fundamental basis of the 
activity of nerve and of muscle. 

Chemistry of Muscle, and — by Inference — of Nerve . — 
The assumption of similarity in action allows the chemistry 
of the action of nerve to be inferred from the more patent 
chemistry of muscle action. All muscles contain a reserve sup- 
ply of carbohydrate, glycogen. Most voluntary muscles, and 
cardiac muscle among involuntary muscles, contain a pigment 
similar to, or identical with, haemoglobin, permitting oxygen 
storage. When the blood supply of a muscle is cut off, a state 
of “rigor” develops, more rapidly if the muscle is heated or 
stimulated, sooner in muscles which do not contain respiratory 
pigment, and more slowly, or not at all, in an atmosphere of 
oxygen. In rigor the muscle contains lactic acid, and the 
production of this same acid may be detected immediately 
after normal activity. Exercise during partial asphyxia, more 
precisely anoxemia, leads to excretion of lactic acid. Finally 

* Frequently miscalled the ‘‘action current/’ 
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“red” muscle tissue in the presence of oxygen can in some 
manner dispose of lactic acid. The production of heat con- 
sequent on muscular activity consists of two nearly equal parts, 
one of which is developed during activity, the other — only when 
oxygen is present — during recovery from fatigue. These facts 
have been summarized in the hypothesis that in muscular 
activity glucose, supplied in part by the glycogen, is converted 
to lactic acid, which during recovery is removed in the pres- 
ence of oxygen, by a reaction which converts part of the acid 
back to glucose and oxidizes a part to carbon dioxide and water. 
In the absence of suflScient oxygen the lactic acid is excreted. 
Since nervous tissue, like unstriped muscle, appears not to con- 
tain respiratory pigment, nerve activity is assumed to result 
from the enzymatic conversion of glucose (or galactose^) into 
lactic acid, within the fibers. In recovery the lactic acid is 
neutralized by the surrounding plasma into which it diffuses, 
while the supply of carbohydrate is similarly replaced by 
diffusion.* 

Purpose of Paper . — The purpose of this paper is not to 
offer the foregoing as a new theory of nerve and muscle ac- 
tion — ^for muscle, at least, the hypothesis has wide acceptance — 
but to give the results of certain calculations, based on the 
theory- as to the limits of variation of the “reaction”* both 
within and -without the fiber. 

Donnan Equilibrium . — ^When two solutions containing 
electrolytes are separated by a membrane permeable to some, 
but not all, of the ions present, an equilibrium will be reached 

^ Reasons will be stated later for supposing that in the medullated nerves 
galactose is the sugar metabolized. 

* The erroneous statement is often made that diffusion is too slow a 
process to be concerned in rapid actions like that of nerve. The time required 
for diffusion varies inversely as the square of the linear dimension of the sys- 
tem concerned, so that in a system whose diameter is a few micra diffusion is 
100,000,000 times as rapid as in a similar system whose diameter is a few cen- 
timeters. 

* The term “reaction*’ is used by chemists to denote the state of acidity 
or alkalinity of a solution. Unfortunately the same word is used also for the 
process of chemical change. 
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as described by Donnan‘ with, in general, a potential differ- 
ence between the solutions. This potential difference will 
have, at equilibrium, such a value that while each of the diffu- 
sible ions will differ in concentration on the two sides in a 
ratio whose logarithm is proportional to the potential and to 
the electrochemical valence of the ion — due account being 
taken of sign — the aggregate concentrations of anions and of 
cations in each solution will be equivalent. 

The total concentration of electrolytes in mammalian 
blood is somewhat less than 0.2 normal, the principal cations 
being sodium, potassium and calcium, and the principal anions 
chloride and bicarbonate. The equivalent concentration of 
ionized colloids is a small fraction of this, while the ions of water 
have concentrations a million-fold smaller. (Compare Table I.) 

From measurements by Loeb,* slightly extrapolated, the 
potential difference between 10% gelatine hydrochloride and 
M/6 NaCl (containing M/128 HCl) is 2 millivolts. From 
this it may be concluded that the concentrations of protein 
ions present under physiological conditions will cause potential 
differences of not more than a few hundredths of a unit of 
Ph (i. e., of 61 millivolts at 37°). 

The plasma membranes are not completely impermeable 
to all of the five principal ions, nor to water, hence when time 
is given for diffusion osmotic equilibrium will be reached and 
the concentrations of some, at least, of the ions will differ on 
the two sides of the membrane in the ratio appropriate to the 
existing (Donnan) potential. Comparison of analyses of cells 
and plasma suggests that the membranes are impermeable to 
cations but permeable to anions.® Now the ratio of chloride 

* F. G. Donnan: Zeit. Elektrochemie, 17, 572 (1911). Other references 
will be found in ‘*The Origin of the Potential Differences Responsible for Anomalous 
Osmosis,” J. Loeb: Jour. Gen. Physiol., 4 , 220 (1921-22). 

* J. Loeb: Jour. Gen. Physiol.. 3, 678 (1920-21). 

* It will be shown in another paper that a membrane at a potential of 125 
millivolts positive with respect to both the solutions which it separates will have a 
permeability for cations only 0.010% of that for anions. The high relative concen- 
tration of bicarbonate in cells is due to the circumstance that carbonic acid is a 
product of metabolism; hence diffusion equilibrium with respect to it will not be 
attained. 
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ion concentrations is always much less than 10, hence in any 
steady state the potential will be a small fraction of that 
corresponding to one unit of Ph- On the other hand, the 
magnitude of the action potentials in nerve and in muscle 
shows that the diffusion of chloride and of water is not so rapid 
as to prevent potentials greater than 61 millivolts ( APh = 1) 
existing for short periods of time. 

In the calculations to follow it will be assumed that, on 
the one hand, anionic diffusion is adequate to prevent any 
appreciable (Donnan) potential in resting tissue; and that, 
on the other hand, the diffusion of buffers, — i.e., bicarbonate 
and phosphate since protein ions will not diffuse through the 
membrane, — is so slow that it can be neglected in comparison 
with that of hydrogen and hydroxyl ions.* It is further- 
more assumed that the ratio of the diffusion mobilities of hy- 
drogen ion and of hydroxyl ion is the same^ as in pure water. 

Simple Case . — For simplicity consider a fiber, unit volume 
of which is bounded by unit area (e. g., 1 cubic micron by 1 
square micron) and containing unit concentrations of enzyme 
and of carbohydrate. Let Dh represent the diffusion mobil- 
ity of hydrogen-ion and Dqh that of the hydroxyl ion, and 
Kcat the ratio of the rate of production of acid® to the ex- 
isting hydrogen-ion concentration. If (H+) and (OH~) be 
the concentrations of the ions within the fiber and (H+)o. 

^ The plasma membranes are much more permeable to the ions of 
water than to other ions. This is probably to be explained as a species of con- 
vection by lipoid-soluble electrolytes, such as lecithin. The inaccuracies of 
these assumptions will tend to compensate one another, as the establishment of a 
potential will facilitate the reaching of the critical acidity within the membrane, 
while the diffusion of buffers will hinder it. 

2 The presence of a membrane will not prevent this condition from 
being satisfied if the membrane contributes only a small part of the diffusion re- 
sistance, or if its electrical resistance varies with ‘‘reaction** in the same manner 
as that of water. 

* In reactions catalyzed by acid, the simplest relation and also the re- 
lation oftenest observed, is that of simple proportionality of the rate of reaction 
to the hydrogen-io’i concentration and to the concentration of “substrate,** This 
relation, and constancy of concentration of enzyme has been assumed. No as- 
sumption as to the relation between enzyme concentration and reaction is needed. 
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and (OH~)o their concentrations in the surrounding medium, 
the rate of loss of acid from the fiber by diffusion is 

- (H+)diff = Dh f(H+) - (H+)*l + DoHf(OH-)o - (OH-)), (1) 
the rate of production of acid by the enzyme, since the reac- 
tion is assumed autocatalytic, is 

(H+)cat = Kcat(H+), (2) 

and the total rate of change of hydrogen-ion concentrations if 
the diffusion of buffers can be neglected is 

(H).ou. = fKcat - D„] (H-^) - fDoH(OH-)o - Dh(H+)o1 -H (n. 

Doh (OH-) 

For constancy of “reaction” 

(H) = O = [Kcat - Dh 1(H+) - fDoH(OH-)o - Dh(H+)o] + ... 

Doh (OH-) 

In dilute aqueous solutions the product of the concentrations 
of hydrogen and hydroxyl ion is a constant K„ which at 37° 
C has the value 2-i45. Multiplying (4) by (H+) : 

[Kcat - Dh1(H+)* - [Doh(OH-)o - Dh(H+),)(H+) + DonK^ =0 (5) 
In order that excitability be present it is necessary that the 
nerve be capable both of remaining at a “reaction” only slightly 
more acid than that of the surroundings and (at a higher acid 
concentration) of producing acid more rapidly than it diffuses 
away. Mathematically this means that the equation (5) must 
have two real (positive) roots. This in turn requires the first 
term to be positive and the second negative.' That is; 

Heat ^ Dh (6) 

Doh(OH-)o > Dh(H+)o (7) 

That is, at the “reaction” of the surroundings both the rate of 
catalytic production of acid and that of diffusion of hydroxyl 
ion must exceed the rate of diffusion of hydrogen ion. Since 
hydrogen ion is more mobile than hydroxyl ion, this requires a 
distinctly alkaline “reaction.” 

General Case. — From inspection of equation (6) it can be 
seen that the equation involves only concentrations of hydro- 

* The third term is always positive, since diffusion coefficients and con- 
centrations cannot have negative values. 
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gen and hydroxyl ion, diffusion velocities and a constant ex- 
pressing the rate of the catalytic reaction as compared with 
diffusion. Changes in the shape and size of the system will 
affect in equal ratio the diffusion of the two ions, hence 
allowance for the dimensions of the system, and similarly for 
the unit in which Dh and Dqh are expressed, can be made in 
the constant ICc,f 

In the following discussion the electrolytic mobilities of 
the ions at 37° C,^422 for hydrogen and 245 for hydroxyl, will 
be used for the diffusion constants Dh and Doh- The normal 
“reaction” of human blood at 37° C is taken as Ph = 7.35. 

Numerical Solutions . — Equation (5) becomes: 

[Kcat - 422](H+)* - [245 X 5_,63 - 422 X 0-7477 )(H+) -|- 245 

X 2-145 = 


[Kcat - 422](H+)* - 1191-7(H+) -|- 611-u = 0 
580(H+)* - 1191-7(H+) -I- 611-14 = [1002 - Kc.tKH+)* 
(H+)* - 2_,054(H+) -I- 1-14054 = [1.728 - K'catl(H+)* 


Since Kcat is already in arbitrary units, the quantity Kcat 
580 has been represented by K'cat- 




(H-) = 

^ 1 :»= Vl.728 - K'cat 




Inequality (6) becomes 

K'cat >0.728 (9) 

If the rate of catalytic production of acid does not exceed the 
rate of diffusion of hydrogen ion, no stimulus, however great, 
will initiate a propagable disturbance. Whence 

(H+) > = 0-,513 (10) 


For roots of equation (8) to remain real 

K'cat < 1.728 (11) 


When the rate of catalytic production of acid attains this value 
in the course of recovery from excitation, any stimulus, however 


^Calculated from the following data: for hydrogen ion Aig* * 315, 
logarithmic coefficient -f .0154 per ® C, for hydroxyl ion Aig® « 174, logarithmic 
coeflScient 4* .0180 per ® C. (Landolt & Bornstein, Meyerhoffer, Roth: Tabellen.) 
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small, will be effective. This is, therefore, the threshold of 
spontaneous or “automatic” action. 

Whence (H+) ^ 1_,027 (12) 

That is, the “reaction” before stimulation must be less acid 
that (H"^) = I- 7 O 27 ; after stimulation, more acid. 

Finally inequality (7) gives 

24.5 > 422(H+)o (1.3) 

V 245 X 2 iJiiS 

— 422 = Vl_„4.51 = 1-7205 

Unless the plasma “reaction” is more alkaline than this, re- 
covery from stimulation is impossible. These two modes of 
failure of nerve or muscle activity are typified by diastolic and 
systolic arrest of the heart, respectively. 

These results are summarized in Table I. Xh is the 
hydrogen-ion potential relative to pure water at the same tem- 
perature (37° C).* 

Table I 



(H+) concen- 
tration 

Ph = CO — 
log (H+) 

Xh (1) 

6.80 - Pa 

Normal blood (human, at 37° C) 

0— 745 

7.35 

—0.55 

Lower limit(^) resting nerve 

0_,51 

7.29 

- 0.49 

Upper liniit(*) resting nerve) 

1-703 

6.99 

— 0 . 19 

Lower limit(*) acting nerve J 




Observed limit of blood acidity(*) 

1-,12 

6.95 

-0.15 

Calculated limit of blood acidity 

l-,20 

6.92 

-0.12 

Pure water at 37° C 

1-758 

6.80 

-0.00 


Measurements on experimental animals and one clinical ob- 
servation by G. E. Cullen give according to Van Slyke® the value 
6.95 for the most acid Ph compatible with life. (The animals and 
the patient were in deep coma when the observations were made.) 

‘Cf. E. T. Wherry: Jour. Wash. Acad. Sci., 9, 305 (1919); E. T. Wherry 
and E. Q. Adams: Ibid., U, 197 (1921). The unit of the Xh scale is the same as 
that of the Ph, namely, a ten-fold change in hydrogen-ion concentration. 

* These figures depend on the plasma reaction assumed, normal blood 
reaction has been used. 

•D. D. Van Slyke: Jour. Biol. Chem. 48, (1) 154 (1921). 
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It may be objected that studies have been made by Adrian* 
and others of the behavior of nerve and muscle in acid solutions. 
But no claim is made by Adrian that the reaction inside the 
tissue has become acid, relative to pure water. In the case of 
cardiac muscle exposure for an hour to solutions of Ph < 6.0 
abolishes activity. The greater resistance of nerve to acidity 
of the solution may well be accounted for by lower perme- 
ability, better buffering, or both. 

Summary 

1. Calculations have been made based on the assumptions 
that nerve and muscle action depend on an autocatalytic con- 
version of glucose (or of galactose) to lactic acid, kept in check 
by diffusion, and that the significant factors in the initiation 
of a response are the autocatalytic reaction and the diffusion 
of hydrogen ion and hydroxyl ion. 

2. In plasma whose “reaction” is that of normal blood, 
((H+) = 0-745 ; Ph = 7.35; Xh = - .55) ^ the “reaction” 
within the excitable nerve or muscle fiber is calculated to lie 
between (H+) = 0-,51 (Ph = 7.29; Xh = - 0.49) and twice 
that concentration (H+) = I-tOS; Ph = 6.99, Xh = — 0.19). 

3. For effective stimulation the “reaction” must be acidi- 
fied locally within the fiber to a critical value which depends 
on the concentration of enzyme (lactacidase) present in the 
fiber, and which must be more acid than the last-named 
figure. (H+) > 1-703 ; Ph < 6.99; Xh > - 0.19). 

4. It is calculated that a plasma “reaction” of Ph = 6.92 
((H+) = 1-720 ; Xh = — 0.12) will abolish the response of 
nerve or muscle. 

5. This is in agreement with the observation of Van 

Slyke ® that the most acid reaction during life (in deep coma) 
is Ph = 6.95; (H+) = I- 7I2 ; Xh 0.15). 

Nela Research Laboratories, 

Nela Park, Cleveland, O. 

i‘'The Recovery Process of Excitable Tissues/' Part I, E. D. Adrian: 
Jour. Physiol., 54, 1 (1920) 

2 See footnote 1 on page 645. 

* See footnote 3 on page 646. 



THE ABSORPTION OF WATER BY SOIL COLLOIDS 

BY W. O. ROBINSON^ 

Investigations on soil colloids have been conducted by the 
Bureau of Soils for the last two years. The method of sepa- 
rating the colloidal matter, called “ultra clay,” from the rest 
of the soil has been described by Moore, Fry and Middleton,® 
the significance of the ultra clay has been pointed out by 
Whitney,® and a tentative method for estimating the total 
amount present in soils has been proposed in the paper first 
mentioned. 

The separation of all the colloidal material from the rest 
of the soil is exceedingly difficult. The method of estimation 
proposed in the above paper was, therefore, based on one of the 
most characteristic properties of the colloidal matter — ab- 
sorption. A sample of the ultra clay was extracted from the 
soil ; the absorption of dye and ammonia by this sample and 
by the unextracted soil was determined; the ratio of the two 
specific absorptions, that of the soil and that of the ultra clay, 
multiplied by 100 was suggested as giving the total amount of 
colloidal matter present in the soil. 

The degree of accuracy with which the values obtained 
by this method represent the amounts of colloid actually pres- 
ent in different soils depends, as pointed out in the paper, on 
the extraction of a representative sample of the ultra clay, and 
on the larger particles in the soil absorbing only a negligible 
amount compared with the absorption of the colloid. The 
method is also based on the assumption that the colloidal ma- 
terial after extraction and concentration absorbs to the same 
extent that it does in the unextracted soil. 

Determinations of the specific water-absorption of ultra 
clays (grams of water absorbed per gram of material) indicate 

' Published by permission of the Secretary of Agriculture. 

* Jour. Ind. Eng. Chem., 13, 627 (1921). 

» Science. 54, 653 (1921). 
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that a measurement of the amount of water absorbed by the 
soil may possibly show the amount of colloid present more 
accurately than the absorption of dye or ammonia. The spe- 
cific water-absorptions of ultra clays extracted from 34 soils, 
differing widely in texture, origin, mode of formation and 
chemical composition, were fairly constant, the extreme values 
varying from the mean value by only 19 and 17 percent. 
The specific absorptions of the colloid for malachite green and 
ammonia, on the other hand, varied greatly, the highest values 
being, respectively, 6 and 4 times the lowest. Insofar as 
accurate values by an absorptive method are dependent upon 
securing a representative sample, a determination of the 
water-absorption seems, on account of its relative constancy, 
to offer advantages over determinations of dye or ammonia 
absorptions. 

The constancy of the specific water-absorptions of the 
various ultra clays also indicates that the colloidal matter in 
soils might be closely estimated by merely determining the 
water-absorption of the soil and then dividing the results by 
the average water-absorption value of the ultra clays. While 
this method might give slightly less accurate results in some 
cases than the method first proposed, it would have a distinct 
advantage in not requiring an extraction of a sample of the 
colloid. This extraction is a time-consuming operation and 
involves the use of an expensive supercentrifuge. 

The colloids used in this work were separated by Mr, 
Anderson of this Bureau by treating the soil with five times its 
weight of water, agitating thoroughly in a barrel chum, let- 
ting settle over night, then decanting the supernatant liquid 
and passing it slowly through a supercentrifuge giving a cen- 
trifugal force seventeen thousand times that of gravity.- The 
liquid passing through contains the colloid which will remain 
in suspension for an indefinite period of time. Ifhe colloid 
was then collected by filtering off through Pastetur-Chamber- 
land tubes. It can be seen that this process reduces the sol- 
uble salts in the colloid to a minimum. 
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Method of Deteminingr the Water- Absorption 

In theory the determination of the water-absorption is 
extremely simple, though the technique is somewhat difficult 
and for concordant results the manipulation must be carefully 
done. The earlier method as proposed by Hilgard was in- 
determinate because pure water was the liquid used in the 
absorption chamber. A moment’s reflection will show that the 
vapor pressure of pure water will always be higher than the 
water condensed on the soil which will have in solution salts 
dissolved from the soil. Theoretically the distillation from the 
pure water to the soil would then go on forever or until the pure 
water was exhausted. 

Mitscherlich* introduced an important modification by al- 
lowing the absorption of water vapor to take place over a 10% 
solution of sulphuric acid. Under these conditions the water 
absorption is a determinate quantity and practical equilibrium 
is established in a vacuum desiccator in a few days. 

A modification of the Mitscherlich method was used in this 
work. In order to get as high a vapor pressure of water as pos- 
sible 2% sulphuric acid was substituted for the higher concen- 
tration Mitscherlich used. 

For the determination about 2 grams of the air-dry col- 
loid which had been passed through a 100-mesh sieve was 
weighed out in a shallow weighing dish of 50 mm. diameter, 
provided with a well-fitting, ground-glass stopper. The un- 
covered dish, with the colloid spread evenly over the bottom, 
was placed in a vacuum desiccator containing a large amount of 
2% sulphuric acid. The desiccator was then covered and 
evacuated to 50 mm. or less mercury, put in a thermostat at 
30° C and kept there for 5 days. The desiccator and contents 
were then taken from the thermostat, dry air slowly let in, the 
cover of the desiccator removed, the dishes quickly covered, 
put into an empty desiccator and weighed as soon as cooled to 
room temperature. After weighing, the imcovered dishes 
were put in a drying oven and kept there for 18 hours at 110° 

* E. A. Mitscherlich: "Bodenkunde," p. 66, Paul Parey, Berlin (1905). 
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C. The dish was then immediately covered, cooled and 
weighed. It is very important to cover the dish in the desic- 
cator containing the saturated atmosphere preliminary to the 
first weighing and to cover the dish, after drying, in the oven 
as soon as possible. Two grams of soil colloids saturated over 
2% sulphuric acid will lose 10 mg. when exposed to, say, 
25% saturated air, for less than one minute. The taking up 
of moisture from the laboratory air after drying is likewise 
rapid. The difference between the weight of the material 
when saturated and when dried at 110° gives the water ab- 
sorbed. 

The degree of subdivision of the ultra clay when ab- 
sorption of water vapor takes place appears to have little ef- 
fect on the result. For instance, the colloid when granulated 
absorbed the same amount of water as it did when finely 
powdered. 

It will be noted that the soil was in the air-dry condition 
before the absorption was allowed to take place. Some other 
workers have dried their soils at 100° over phosphoric pentoxid 
prior to absorption of water vapor in order to have all soils in 
a uniform condition. It has been pointed out that such pro- 
cedure might alter the absorption of some colloids, and it 
therefore seemed better to start with a substance that had not 
been heated or thoroughly dried out. 

All determinations given in this paper were made in du- 
plicate. Abnormal results were confirmed by repetition. 
With carefully controlled conditions duplicates were consid- 
ered satisfactory when they did not vary more than 2%, 
though in general closer results were obtained. The results 
are given in Table I. 

Water-Absorption as an Indication of the Colloidal Content 

of Soils 

It is a striking fact that the ultra clays, regardless of their 
source, possess nearly the same capacity to absorb water. The 
extreme specific absorptions are .240 and .348; the average 
value is .298; and the mean deviation from the average value 
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Table I 

Specific Water-Absorptions of Ultra Clays 


Soils from which colloid was extracted 

Gram water va- 
por absorbed 
per gm. colloid 

Variations from 
mean 

Carrington loam soil 

.^20 

-f.022 

Carrington loam subsoil 

.337 

4- 0.39 

Cecil clay loam soil 

.336 

-f .038 

Cecil clay loam subsoil 

.287 

-.011 

Chester loam soil 

.240 

- .0.58 

Chester loam subsoil 

.273 

-.025 

Clarksville vSilt loam soil 

.239 

+ 041 

Clarksville silt loam subsoil 

.315 

-1-.017 

Clyde loam soil 

.309 

+ .011 

Hagerstown loam soil 

.253 

-.045 

Hagerstown loam subsoil 

.2.58 

- .040 

Huntington loam soil 

.274 

-.024 

Houston black clay soil 

.34« 

+ .050 

Huntington loam subsoil 

. 298 

.000 

Manor loam soil 

.293 

-.005 

Manor loam subsoil 

..340 

+ .042 

Marshall silt loam soil 

.294 

-.004 

Marshall silt loam subsoil 

..300 

+ .002 

Miami silty clay loam soil 

.302 

+ .004 

Miami silty clay loam subsoil 

..308 

+ .010 

Norfolk fine sandy loam soil 

.243 

— . 055 

Norfolk fine sandy loam subsoil 

.270 

-.022 

Ontario loam surface soil 

.241 

— . 057 

Ontario loam subsoil 

.320 

+ .022 

Orangeburg fine sandy loam soil 

.263 

-.0.35 

Orangeburg fine sandy loam subsoil 

..305 

+ .007 

Sassafras silt loam soil 

.266 

-.032 

Sassafras silt loam subsoil 

.310 

+ .012 

vSharkey clay soil 

.308 

+ .010 

Stockton clay adobe soil 

..341 

-+.043 

Stockton clay adobe subsoil 

.3.37 

+ .039 

Wabash silt loam soil 

.333 

+ . 035 

Wabash silt loam subsoil 

..309 

+ .011 

Susquehanna clay subsoil 

.261 

-.037 

Mean 

.298 

.027 


is .027, or 9 percent of the average. Ultra clays differing most 
from the mean are somewhat unusual in composition. The 
Ontario loam surface soil colloid, for instance, contains two 
to four times as much organic matter as the other colloids, while 



662 


W. 0. Robinson 


the Stockton clay adobe and the Houston black clay soils are 
rather unusual soils, noted for their colloidal properties when 
wet. 

Chemical analyses indicate that the ultra clays consist 
chiefly of a hydrated silicate of aluminum, with varying 
amounts of one or more of the following substances: ferric 
hydroxide, silicic acid, organic matter and possibly al umin um 
hydroxide. It is, therefore, significant that dried samples of 
silicic acid, aluminum hydroxide, and ferric hydroxide gels* 
had specific absorptions of .202, .351, and .266, respectively — 
values close to those yielded by the ultra clays. 

If the colloidal matter in a soil were estimated by dividing 
the absorption of the soil by the average absorption of the 
ultra clays, the result should approximate the results obtained 
through dividing the soil by the specific absorption of the ultra 
clay actually present. Where the latter, longer method might 
show 30 percent of colloid, use of the average factor might show 
24 percent to 35 percent in extreme cases, but in general the 
results should fall within 27 percent and 33 percent. As 
already pointed out, the absorption of non-colloidal particles 
in the soil would affect the accuracy of absorption methods 
for determining the colloidal matter. Work which is being 
prepared for publication, on the absorption of water vapor by 
ground soil minerals, indicates that the coarser mineral parti- 
cles absorb so little water that the error due to this cause does 
not materially affect determinations in most soils. 

Work on the accuracy with which the amount of colloidal 
matter in soils may be measured by absorption methods and 
the assumptions involved in such methods is still in progress 
in the Bureau, hence this water-absorption method is pro- 
posed only tentatively at this time. 

It has been recognized by soil scientists for many years 
that the hygroscopic value of the soil is a valuable indication 
of the nature of the soil, but it has not been generally appre- 

• The silicic acid gel was kindly furnished by the Davison Chem; Co., and 
the aluminum and iron gels were provided by the Chemical Warfare Service. 
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dated that from the hygroscopic determination a fairly dose 
estimation of the amount of colloid present in the soil may be 
calculated. 

Conclusions 

Samples of the colloidal matter extracted from 34 soils 
which differed widely in texture, origin, mode of formation and 
chemical composition showed a relatively constant absorption 
of water. The extreme absorptions were .240 gm. and .348 gm. 
of water per gram of colloid, and the mean value was .298. It 
is suggested that the colloidal matter in a soil might be fairly 
closely estimated by determining under certain conditions the 
water-absorption of the soil and dividing the result by the aver- 
age factor .298. 

Bureau of Soils 

U, 5 , Department of Agriculture 
Washington f D. C, 
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BY HARRY B. WEISER 

Hydrous Stannic Oxide 

As early as 1812 Berzelius* called attention to the fact 
that the properties of the hydrous oxide formed by precipita- 
tion of stannic chloride with alkali were quite different from 
the product resulting from the action of nitric acid on tin. 
Berzelius thought at first that he was dealing with two de- 
grees of oxidation but subsequent investigations by Davy, 
Gay-Lussac and Berzelius® himself showed that this was not 
the case. Thus, Berzelius was led to conclude that the two 
preparations having widely different properties were simply 
modifications of the same oxide. In this way the term isomer 
or isomeric modification was introduced in chemistry.* 

Precipitated Hydrous Stannic Oxide 

Since the oxides formed by precipitation of stannic salts 
and by the action of nitric acid on tin both give a slight acid 
reaction when shaken with water they are commonly designated 
as orthostannic and metastannic acids, respectively. The 
earlier chemists regarded them as distinct chemical individuals 
and recognized the similarities and differences between the two 
that are listed in Table I. 

In the light of what we now know of the colloidal state of 
matter, the statements of earlier chemists concerning the prop- 
erties of orthostannic and metastannic acids are for the most 
part inaccurate. Accordingly we shall consider the properties 
of these two so-called isomers more fully in the subsequent para- 
graphs. Since both substances are hydrous oxides and not 
acids, I shall designate them as alpha oxide and beta oxide, re- 
spectively, instead of as orthostannic acid and metastannic 
acid. 

> Lehrbuch, 5th Edition, 2, 596 (1812). 

» Liebig’s Ann., [2] 5, 149 (1817). 

* Abegg: Handbuch der anorganischen Chemie, [2] 3, 593 (1909). 
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Orthostannic acid 


Metastannic acid 


Preparation 


Formula 
Action of HNO3 
Action of HCl 


Precipitation from solu- 
tion of stannic salt 
H^SnOa 
Easily soluble 
Easily soluble; not pre- 
cipitated by excess acid 


Action of H2SO4 


Easily soluble 


Action of caustic 
alkalis 


Easily soluble; not pre- 
cipitated by excess alkali 


Action of SnCb 


No action 


Action of concentrated 
HNO3 on tin 
HsSnOs 
Insoluble 

Insoluble. Product 
treated with concen- 
trated acid and filtered 
dissolves in water but 
precipitates again with 
excess acid 

Insoluble but swells in 
concentrated acid form- 
ing a mass that is soluble 
in water 

Soluble when freshly pre- 
pared ; precipitated by 
excess alkali 

Yellow precipitate from 
solution in HCl 


Formation , — The alpha oxide is prepared by precipita- 
tion of SnCh or SnBr4 with alkali^ or with an excess of the 
carbonate of barium or calcium and by precipitating a so- 
lution of a soluble crystalline stannate having the formula 
M2Sn(OH)6^ with a mineral acid.^ Rose^ claims to get the alpha 
oxide by hydrolysis of a dilute solution of SnCh at the boiling 
point. This is unquestionably incorrect since it has been ob- 
served repeatedly that the alpha oxide formed by hydrolysis 
of SnCU at low temperatures goes over to beta oxide gradually 
on standing or very rapidly at the boiling point.® Similar 


' Berzelius; Loc. cit. 

«Schiff: Liebig’s Ann., 47, 120 (1861). 

’ Belucci and Paravane: Zcit. anorg. Chem., 45, 142 (1902). 

‘Fremy: Ann. Chim. Phys., f3] 12, 463 (1844); 23, 386 (1848); Kuhl: 
Pharm. Zcit., S3, 49 (1908). 

“ Pogg. Ann., 75, 1 (1848) 

‘Barfoed: Jour, prakt. Chem., 101, 368 (1867); Engel: Comptes rendus, 
124, 765 (1897); 125, 464, 651, 709 (1897); Zsigmondy: Liebig’s Ann., 301^ 
368 (1898) 



656 


Harry B. Weiser 


observations have been made with SnBr 4 ‘ and with Sn(NOs) 4 . 
Lorenz® obtained the alpha oxide by electrolyzing an alkali 
chloride, nitrate or sulphate solution using a platinum cathode 
and a tin anode. 

The typical beta oxide is prepared by the oxidation of tin 
with moderately concentrated HNOs. Weber® claimed that 
acid of 1.2 sp. gr. gave both the alpha and beta oxides while 
acid of 1.35 sp. gr. produced a clear solution from which beta 
oxide was obtained by warming. Hay^ and Scott® likewise ob- 
served that tin dissolved completely in moderately dilute 
nitric acid (1 : 1) at 2° and from this solution beta oxide pre- 
cipitated by warming oir by standing at ordinary temperatures. 
The solution contained stannous nitrate, stannic nitrate* and 
doubtless colloidal stannic oxide® in varying amounts depend- 
ing on the concentration of acid and the temperature. As 
before noted, beta oxide is produced whenever a dilute solu- 
tion of a crystalline tin salt undergoes hydrolysis at the boiling 
temperature. A solution of amorphous sodium metastannate 
so-called, likewise precipitates beta oxide when heated. 

From this survey of the methods of preparing the two 
hydrous oxides it is evident that either may be prepared 
by hydrolysis of stannic salts under suitable conditions. It 
is probable that alpha oxide is always the first product of this 
hydrolysis and that this is transformed to the beta oxide quite 
slowly at ordinary temperatures but with increasing rapidity as 
the temperature is raised. 

Composition . — The oxide precipitated from a stannic so- 
lution in the cold has been assigned many formulas by different 
investigators. Thus Fremy® claims to get the hydrate 3 Sn 02 .- 
THzO when the oxide is dried in a stream of air; 3Sn02.2H20 

‘ Lorenz: Zeit. anorg. Chem., 9, 371 (1896). 

» Ibid., 12, 436 (1896). 

• Pogg. Ann., 122, 368 (1864). 

‘ Chem. News, 22, 298 (1870). 

‘ Ibid., 22, 322 (1870). 

•Walker: Jour. Chem. Soc., 63, 846 (1893). 

' Mecklenburg: Zeit. anorg. Chem., 64 , 370 (1909). 

• Ann. Chim. Phys., [3] 12, 463 (1844); 23, 393 (1848). 
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when dried at 140 °; and SnOj.HjO when dried in vacuum. 
Weber’ claims to get Sn 02 . 2 H 20 by drying the product in the 
air at ordinary temperatures; and Graham* and Schaffner* 
find the oxide dried at 140 °- 160 ° approximates the composi- 
tion Sn 02 .H 20 . From similar dehydration experiments Cam- 
elley and Walker'* conclude that there are probably a large 
number of hydrates of the oxide that have a rather limited 
range of stability. 

The oxide obtained by the action of nitric acid on tin has 
likewise been assigned numerous formulas corresponding to 
definite hydrates, the composition depending on the method 
of drying.® According to Engel® the alpha and beta acids have 
the respective formulas, H2Sn08.H20 and H2Sn50ii.9H20 when 
dried in the air and H2Sn03 and H2Sn50ii.4H20 when dried in 
vacuum. He also recognizes a parastannic acid H2Sn50ii.7H20 
when dried in air and H2Sn50ii.2H20 when dried in vacmun. 
Musculus* concludes that metastannic acid is a hydrated 
oxide, 5 Sn 02 .H 20 , formed by condensation of stannic acid, 
Sn02.H20; and that between these extremes are a number of 
intermediate oxides of rather instable nature. Vignon® has 
determined the heat evolved when hydrous stannic oxides pre- 
pared in different ways are treated with potassium hydroxide. 
He found that this varied from 32.7 Cal. for an alpha oxide in 
the presence of HCl or KCl to 0.2 Cal. for an ignited beta oxide. 
From these results Vignon concludes with Musculus that suc- 
cessive polymerization of H2Sn03 results in the formation of a 
series of acids which he represents as follows : H2Sn03, H2Sn206.- 
H2O, H 2 Sn„ 02 ,+l.(n-l) H2O. 

An extended investigation of the dehydration of hydrous 

' Pogg. Ann., 122, 368 (1864). 

2 Liebig’s Ann., 13, 146 (1835). 

» Ibid., 51, 168 (1844). 

‘ Jour. Chem. Soc., S3, 89 (1888). 

^Fremy: hoc. cit.; Thomson; Ann. Phil., 10, 149 (1817); Weber: 
Loc. cit.; Tschermak: Pogg Ann., 44 , 733 (1862). 

« Comptes rendus, 124, 765 (1897); 125, 464, 651, 709 (1897). 

’ Ann. Chim. Phys., [4] 13, 95 (1868); Comptes rendus, 65, 961 (1867). 

« Comptes rendus, 108, 1049 (1889); 109, 372 (1889). 
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stannic oxides prepared in different ways has been made by 
van Benunelen.* He demonstrated conclusively that there is 
no evidence of a single definite hydrate of starmic oxide. A 
composition corresponding to a definite hydrate was shown to 
be purely accidental depending as it does on the method of 
preparation, the method of drying, the temperatiu-e and the 
age of the sample. It follows, therefore, that the alpha and 
beta oxides are not definite hydrates, Sn 02 .H 20 and 5Sn02.H20, 
respectively, but are hydrous oxides, the composition of which 
can vary continuously through wide limits. As a result of 
these important observations van Bemmelen concludes that 
the alpha and beta oxides are not different allotropic modifica- 
tions and attributes the divergent properties to difference in 
structure. In support of his view he points out that there is 
no definite inversion point at which the alpha oxide is changed 
to the beta oxide but that this transformation goes on slowly 
but continuously at low temperature even under water. Lor- 
enz*^ confirmed van Bemmelen’s observation that the two 
oxides could exist in every conceivable degree of hydration and 
hence that the difference between the two products could 
not be a question of the amount of water each contains. Fol- 
lowing up van Bemmelen’s suggestion that the two oxides 
are not isomers in the usual sense of the word but are col- 
loidal modifications of hydrous stannic oxide, Mecklenburg® 
arrives at the conclusion that “the alpha and beta stannic 
acids are hydrous oxides that are but little, if at all, soluble 
in water and differ from each other in the size of the particles.’’ 
The evidence in support of this view is quite conclusive as will 
be pointed out in the subsequent paragraphs. 

Action of Hydrochloric Acid . — The freshly prepared alpha 
oxide is readily soluble in dilute HCl and is not precipitated by 
an excess of the acid even at the boiling point; whereas the 
beta oxide is insoluble in both the dilute and concentrated acid. 

^ Die Absorption, 59, 66 (1910). 

2 Zeit. anorg. Chem., 9, 369 (1895). 

8 Ibid., 64 , 368 (1909) ; 74 , 207 (1912) 



Hydrous Oxides. IV 


659 


If beta oxide is treated with concentrated HCl, a 
gelatinous mass is formed which Engel’ considers to be a hy- 
drochloride of metastannic acid, metastanyl chloride. This 
product is taken up by water but is reprecipitated by boiling 
or by adding concentrated HCl. The difference in behavior of 
the solution of alpha oxide in HCl and of the beta oxide (treated 
with HCl) in water, has resulted in their being called alpha 
chloride and beta chloride, respectively. A number of sug- 
gestions have been offered to account for the difference in 
properties. Thus Fremy and Musculus consider beta chloride 
to be a polymer of alpha chloride. Rose“ suggests that the 
so-called beta chloride is not a compound at all, the solution in 
HCl being simply a solution of metastannic acid without any 
combination taking place between the two substances. Witt- 
stein® suggests that the alpha chloride corresponds to an 
amorphous oxide and the beta chloride to a crystalline. In- 
vestigators from time to time have claimed to prepare definite 
basic chlorides by the action of HCl on the alpha and beta ox- 
ides. Thus Weber^ prepared a substance to which he assigned 
the formula Sn406Cl4.5H20 by the action of acid on beta oxide 
and Engel claims to get SnChr Sn509Cl2.4H20 and Sn509Cl2.- 
2H2O corresponding to his ortho, meta and para acids above re- 
ferred to.** While it has been demonstrated that the action 
of concentrated HCl on the alpha oxide yields SnCh® and that 
H2SnCl(,’ is formed by passing gaseous HCl into a solution of 
stannic chloride, there is little or no evidence to support the 
view that the amorphous precipitates obtained from solutions 
of alpha and beta oxide under varying conditions, are definite 
compou nds. Van Bemmelen* was the first to recognize the 

^ Loc. cit. 

2 Pogg. Ann., 75, 1 (1848). 

Jahresberichte, 1850 , 321. 

^ Weber: Pogg. Ann., 122, 358 (1864). 

Cf. Tschermak: Jour, prakt. Chem., 86, 334 (1862); Mallet: Jour. 
Chem. Soc., 35 , 524 (1879); Schiirer-Kestner : Ann. Chim. Phys., [3] 58 , 471 
(1860); Ordway: Am. Jour. Sci., [2] 23 , 22 (1857). 

®Barfoed: Jour, prakt. Chem., 101 , 388 (1867). 

^ Engel: Loc. cit. 

* Die Absorption, 56, 393 (1910); Zeit anorg. Chem., 23, 111 (1900). 
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real nature of the solutions of alpha and beta oxides in HCl. 
He pointed out that it is incorrect to speak of solubility of the 
oxides in acid and in support of this view he showed Chat the 
acid which holds the alpha oxide in what was thought to be a 
true solution, may be neutralized almost entirely without the 
oxide precipitating ; that the salt formed may be removed by di- 
alysis without precipitation taking place; and finally, that 
the solution may be boiled, converting alpha oxide into beta, 
which likewise does not precipitate unless the boiling is con- 
tinued too long.^ Van Bemmelen showed further that HCl 
is adsorbed by both oxides. Below the concentration which 
causes peptization, he found that the adsorption isotherms have 
the usual form, indicating that the amount adsorbed depends on 
the concentration of acid in contact with the oxide. The ad- 
sorption was found to be less with beta oxide than withalpha and 
the older and denser the beta oxide the less was the adsorption. 

The action of hydrochloric acid on the different oxides 
can now be explained. The newly formed oxide possesses a 
softer and looser structure than the beta oxide and so the former 
is readily peptized by dilute acid and the colloid is stable even 
in the presence of a very small amount of acid. A high concen- 
tration of acid converts it into a true solution of SnCh. The 
coarser, denser particles of beta oxide are insoluble and are not 
peptized by dilute HCl. Concentrated acid on the other hand, 
peptizes the oxide and if the excess of acid is poured off, the 
particles will go into solution in water (dilute hydrochloric acid) 
from which they are precipitated by excess acid or by boiling. 
Since alpha oxide changes to beta even at ordinary temperatures 
and in contact with water, we should expect the colloidal so- 
lution of alpha oxide formed by hydrolysis of a dilute solution 
of SnCh gradually to assume the properties of the dilute hy- 
drochloric acid solution of beta oxide as observed by Fremy, 
Rose, LdwenthaP Engel and others.* 

‘ Graham: Liebig’s Ann., 121, 1 (1861). 

2 Jour, prakt. Chem., 77, 321 (1859). 

’Barfoed: Loc. cit.; Allen: Jour. Chem. Soc., 2S, 274 (1872); Lorenz: 
Zeit anorg. Chem., 9, 369 (1895). 
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In the light of the experiments of van Bemmelen, it is 
unlikely that the amorphous masses obtained by Engel and 
others are definite chlorides. Further doubt is thrown on 
this by Biron* who has repeated and extended the experiments 
of Engel. Biron obtained products similar to those of Engel 
but found that the composition was indefinite. He concludes 
that the transformation of alpha oxide results in the formation 
of an uninterrupted series of beta oxides that differ from each 
other in their degree of condensation which is greater the 
higher the temperature. The action of hydrochloric acid on 
these various beta oxides yields so-called oxychlorides which 
have an indefinite composition and contain a larger or smaller 
proportion of chloride according as the condensation of the 
beta oxide is large or small. These oxychlorides, showing 
wide differences in composition, exhibit differences in properties 
that are similar qualitatively to Engel’s meta and parachlorides. 

Action of Sulphuric Acid . — The action of sulphuric acid 
on the alpha and beta oxide is very similar to that of hydro- 
chloric acid. The alpha oxide is peptized by very dilute acid 
forming a colloidal solution while concentrated acid forms a 
true solution from which may be obtained crystals of Sn(S04)2.- 
2H2O.® The beta oxide is not peptized at all by dilute sul- 
phuric acid while concentrated acid causes peptization in the 
cold, the product swelling to a gelatinous mass that goes into 
colloidal solution in water. This colloid is readily precipitated 
by excess acid. Hot concentrated sulphuric acid dissolves beta 
oxide and from this solution crystals of Sn(S04)2.2H20 are 
obtained.^ Van Bemmelen® studied the adsorption of sul- 
phuric acid by a number of oxides and found that the adsorp- 
tion was less the older and denser the sample, confirming his 
observations with HCl. 

^ Jour. russ. phys. chem. Ges., 36, 933 (1904). 

2 Cf. Mecklenburg: Zeit. anorg. Chem. 74, 207 (1912). 

* Ditte: Comptes rendus, 104, 172 (1887); Kraskowitz: Pogg. Ann., 
35, 518 (1835). 

^ Allen: Jour. Chem. Soc., 25, 274 (1872); Ditte: Loc. cit. 

® Die Absorption, 106, 424 (1910); Zeit. anorg. Chem., 23, 321 (1900). 



662 


Harry B. Weiser 


Action of Nitric Acid . — Dilute nitric acid peptizes alpha 
oxide quite readily when the latter is freshly prepared; but 
the beta oxide is neither dissolved nor peptized by even the 
most concentrated acid. Jorgensen* has found, however, that 
beta oxide adsorbs this acid to a certain degree and that it can 
be removed only by prolonged washing. 

Action of Alkalis.-— Dilute caustic alkalis carry both the 
alpha and beta oxides into solution. Earlier workers were of 
the opinion that solution took place by virtue of the formation of 
definite alkali stannates and metastannates. This arose from 
the observation that if the alkali solution of the alpha oxide 
is evaporated, definite crystals having the formula M2Sn03.- 
3H2O* or M2Sn(OH)e^ are obtained.'* However, if the solu- 
tion of the alpha oxide in alkali is not evaporated but treated 
with alcohol, a precipitate is formed varying in composition 
from 5 to 17 moles of Sn02 to 1 mole of K2O, depending al- 
together on the relative amounts of the two substances in solu- 
tion. In like manner, the precipitate obtained from a solution 
of beta oxide in alkali was found to vary widely, depending as 
it does on the conditions of formation. Thus the precipitate 
formed by adding excess KOH to a solution of beta oxide in 
alkali was found by Fremy^ to have the composition 4.84 
SnO2.Na2O.8H2O. Similarly, Rose* got a precipitate contain- 
ing 7 Sn02 to 1 K2O and Weber’ 6.7 SnOa to 1 K2O. Fremy 
considers metastannates to have the general formula M2O.- 
5 Sn 02 . 4 H 20 .* which he writes M2HgSn50i6 since the product is 
decomposed by re moving water ;»but Engel** writes it M2Sn80n.- 

^ Zeit. anorg. Chem., 57, 353 (1908). 

2 Ordway: Am. Jour. Sci., [2] 40 , 173 (1865); Fremy : Loc. cit.; Marig- 
nac: Ann. Mines, [3] 15, 277 (1859); Moberg: Jour, prakt. Chem., 28, 230 (1843). 

® Belucci and Paravano: Loc. cit. 

* Other hydrates are also known: HaefTely : Dingl. poly. Jour., 144 , 65 
(1867); Jonas: Centralblatt, 1865 , 607. 

® Ann. Chim. Phys., [3] 12 , 462 (1844); 23 , 393 (1898). 

8 Pogg. Ann., 75 , 1 (1848); 105 , 564 (1858). 

7 Ibid,, 122, 358 (1864). 

^ Cf. Musculus : Comptes rendus, 65, 961 (1867). 

® Moberg: Berzelius’ Jahresberichte, 22, 144 (1843). 

Loc. cit. 
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4 H 2 O. The latter also recognizes parastannates of the formula 
MiSnsOii.SHaO. 

Van Bemmelen^ has investigated the action of dilute alka- 
lis on both alpha and beta oxides and has found that colloidal 
solutions result. He first agitated the same amounts of beta 
oxide with the same volumes of cold dilute KOH of various 
concentrations and from the amount of oxide taken up and the 
stability of the resulting solutions, he showed that no definite 
compounds were formed. When the concentration of alkali 
was less than 8.8 moles of K 2 O to 100 of SnOj, the peptized 
oxide precipitated spontaneously, carrying down with it a 
greater part of the alkali. As is usual the amount of KOH ad- 
sorbed by a given amount of oxide varied with the temperature 
and concentration and there was no indication of the forma- 
tion of definite stannates. He thus accounted for the wide 
variation in the composition of the precipitate thrown out by al- 
cohol from the colloidal solution of the alpha oxide in alkali, as 
observed by Ordway and others. 

Van Bemmelen obtained similar results with the beta 
oxide. The first action of dilute NaOH was to produce an 
opalescent solution that, in itself, showed the oxide to be in the 
colloidal state. The relative amounts of oxide and alkali in the 
solution were varied widely and as in the case of the alpha 
oxide, spontaneous precipitation took place, the more rapidly 
the greater the relative amount of Sn 02 . These colloids were 
coagulated by excess alkali which was not the case with col- 
loidal alpha oxide. The precipitated oxides obtained in any 
case adsorbed alkali in widely varying amounts depending on 
the alkali concentration. In the light of these observations 
it seems altogether probable that the amorphous masses ob- 
tained by the action of alkalis on beta oxide were not definite 
alkali metastannates as Musculus, Weber, Fremy and others 
supposed but were hydrous oxides that had adsorbed definite 
amounts of alkali under the specific conditions of formation 
employed by the different investigators. 


^ Die Absorption, 57 (1910). 
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Mordanting Action . — It is well known that tin salts, par- 
ticularly SnCh are used as mordants in dyeing cotton, wool and 
silk with certain dyes. The salt is adsorbed by the dye 
fiber and subsequently hydrolyzes forming hydrous stannic 
oxide which forms lakes with certain dyes that are distinguished 
by their brilliancy.^ Vignon** studied the action of both alpha 
and beta oxide on a basic dye, phenosafranine; and found 
that with the former a brilliant red lake was formed while with 
the latter no dye was taken up. The dye is thus readily ad- 
sorbed by the loose, finely divided particles of alpha oxide 
while the larger, denser particles of beta oxide have compara- 
tively little adsorbing power. This behavior is general and 
has led to the statement; “The formation of metastannic 
acid during the preparation of tin mordants is called firing; 
it must be avoided since this substance has no mordanting 
power and its generation involves loss of tin.”* 

Action of Phosphoric Acid . — standard analytical proce- 
dure for separating phosphoric acid from mixtures, consists in 
adding tin foil to the nitric acid solution, the resulting beta 
oxide carrying down the phosphoric acid.'' A definite stannic 
pyrophosphate* is not formed but a mixture of variable compo- 
sition.® For the complete precipitation of one mole of phos- 
phoric acid 6 to 7 atoms of tin must be present according to 
Classen;^ 7 according to Antony and Mondolfo;® and about 
1 3 according to Wobling. ® Mecklenburg'® showed conclusively 
that the removal of phosphoric acid by precipitated stannic 
oxide was due to adsorption. He found that the amount of 

> Herrfeld; Das Parben und Bleichcn der Textilfasem, 1, 73 (1904). 

* Comptes rendus, 112, 580 (1801). 

® Knecht, Rawson and Doewenthal: A Manual of Dyeing, 1, 272 (1916). 

Rcyonoso: Jour, prakt. Chem., S4, 261 (1851). 

‘ Roscoe and Schorlenuner: Treatise on Chemistry, 2, 848 (1907). 

•Reyonoso: Loc. cit.; Reisig: Liebig’s Ann., 98 , 339 (1856); Girard: 
Comptes rendus, M, 468 (1862). 

’ Ausgew: Methoden analyt. Chem., 2, 555 (1903). 

» Gazz. chim. ital., [2] 38 , 145 (1898). 

" Lehrbuch anal. Chem., 1911, 405. 

Zeit. anorg. Chem., 74, 215 (1912). 
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phosphoric acid carried down depended not only on its con- 
centration but on the nature of the oxide. The adsorption 
isotherms for five oxides prepared at different temperatures 
showed that the lower the temperature of formation of the 
hydrous oxide, the greater its adsorption capacity. 

From the above survey it is clear that the so-called alpha 
and beta oxides differ essentially in their solubility, adsorbabil- 
ity and ease of peptization. The typical alpha oxide is quite 
soluble in concentrated acids, and alkalis forming definite 
salts under suitable conditions; it possesses a marked capacity 
for adsorption; and is readily peptized. The typical beta 
oxide, however, is very difficultly soluble ; has a comparatively 
slight capacity for adsorption; and is not peptized by dilute 
acids or alkalis. If these two oxides are definite isomers, 
then any product having properties intermediate between the 
two might be looked upon as a mixture of these two. However, 
if the difference in the properties of the two is due to variation 
in the size of the particles and the compactness of the hydrous 
mass, then any product with intermediate properties must be 
a chemical individual and not a mixture. Moreover, if 
this last assumption is correct, any number of stannic oxides 
are possible, each differing from the others in the size of the 
particles, the compactness of the mass and the amount of 
adsorbed water. 

Mecklenburg’ is of the opinion that a series of definite 
hydrous stannic oxides are possible and has prepared five 
distinct ones by hydrolysis of stannic sulphate at 0°, 2.5°, 
50°, 75° and 100°. These oxides were dried in the air and 
ground to a powder. Each product was different from the 
others and with few exceptions, the properties approached more 
nearly to those usually attributed to beta oxide, the higher the 
temperature of formation. It was observed that there was 
no apparent connection between the compactness of the dried 
powder and the temperature of preparation. Thus, the 100° 
oxide was much the loosest powder, the others coming in the 


* Zeit. anorg. Chem., 74, 207 (1912). 



666 


Harry B. Weiser 


order: 75°, 0°, 50° and 25°. It was further noted that there 
was no apparent conection between the adsorbing power of an 
oxide and its ease of peptization, since the 0° and 100° oxides 
were peptized by concentrated HCl with equal facility although 
the adsorbability of the former was much greater than that of 
the latter. Moreover, the 50° oxide whose adsorbability lay 
between the other two, was peptized with greatest difficulty. 
This and other abnormal variations in the properties of the 
50 ° oxide were doubtless due to the fact that it was subjected 
to a somewhat different treatment than the other oxides daring 
the drying. Mecklenburg arrived at the conclusion that his 
five preparations were chemical individuals and not mix- 
tures of a definite alpha with a definite beta oxide, from the 
observation that the precipitation value of sodium sulphate 
for the 100° oxide peptized with HCl was increased by the 
presence in the colloidal solution of 0° oxide freshly prepared 
by hydrolysis of stannic chloride. He assumed that the ox- 
ides were all made up of “primary particles” of the same 
size grouped into “secondary particles” of different sizes; 
and attributed the difference in properties of the several prep- 
arations to differences in the sizes of the secondary groups. 

Experimental 

The Physical Character of Precipitated Stannic Oxides . — 
As noted above, Mecklenburg observed that there was no ap- 
parent connection between the temperature of precipitation of 
hydrous stannic oxides and the compactness of the mass when 
dried and powdered. Thus, the 100° oxide which contained 
the least water was most compact. A possible explanation 
of this observation is that the conditions of drying and grind- 
ing of the several products were not identical throughout. 
That the compactness of the precipitated oxide does depend on 
the temperatxxre of formation in a perfectly regular fashion 
was shown by the following experiments: Thirty cubic centi- 
meters of a solution of stannic chloride containing 1 gm. of 
Sn02 was precipitated in a 60 cc test-tube with 20 cc of 1.3 N 
NaOH. After noting the temperature of the mixture, the con- 
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tents of the tube were centrifuged for 2 min. at 3000 r.p.m. 
The height of the column of precipitate was marked on the 
tube after which it was emptied and the volume of precipitate 
determined by filling the test tube to the mark with water 
from a burette. The results given in Table II show conclusively 
that the compactness of the precipitated oxide decreases ap- 
preciably as the temperature of precipitation increases. It is 
inconceivable that there should be no regularity in the physical 
condition of a series of dried oxides prepared at different tem- 
peratures, providing the conditions of drying were maintained 
identical throughout. 

Table II 

Effect of Temperature of Precipitation on the V^olume of Hydrou.s 

Stannic Oxides 


Temperature of precipitation 

Volume of precipitated oxide containing 
1 g. Sn02 

1 ° 

17.7 cc 

20° 

15 8 cc 

28° 

15.0 cc 

49° 

1 2 . () cc 

72° 

9 . 4 cc 

100° 

7.9 cc 


Peptization of Hydrous Stannic Oxide with Nitric Acid.— 
.Since hydrous stannic oxide precipitated at low temperatures 
is much less compact than that precipitated at higher temper- 
atures, the former should be more easily peptized than the 
latter. It will be recalled that Mecklenburg observed that all 
of his oxides were peptized with approximately equal facility 
with concentrated HCl except the 50° oxide which seemed to 
be more difficult to peptize. He found also that the precipi- 
tation concentration of Na 2 S 04 for the 100° oxide peptized by 
HCl was increased by mixing with it the 0° oxide or one freshly 
precipitated by hydrolysis of stannic chloride. From this 
observation he concluded that the different oxides cannot be 
mixtures of definite alpha and beta isomers. Concerning 
the first observation, it seems to me altogether unlikely that the 
0° and 100° oxides are peptized with equal facility. What 
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seems more probable is that the difference in peptizability is 
not detectable with concentrated acid. While the subsequent 
experiments show that Mecklenburg is probably right in con- 
cluding that his oxides are not mixtures of a definite alpha and 
a definite beta oxide in varying amounts, this conclusion is 
certainly not justified from his precipitation experiments. On 
the contrary, these experiments would seem to support the 
view that the oxides are mixtures. Thus he shows that the 
so-called “sixlphate value” of 100° oxide is 0.04 cc and when 
mixed with 10 to 90 percent of a freshly prepared oxide the 
“sulphate value” varies from 0.15 to 1.8 cc. Since certain 
ones of his 50 ° and 75 ° oxides have .sulphate values within the 
limits found for the mixtures, it might be argued that all of his 
preparations are mixtures. It should be noted that Mecklen- 
burg’s observations on the effect of adding a newly formed 
oxide to the 100 ° oxide are exactly what one should expect. The 
adsorption of the sulphate ion by the fresh oxide is so much 
greater than by the 100° oxide that the initial amounts added 
are all taken up by the former so that the precipitation of a 
given amount of the latter does not take place until a higher 
concentration is reached. 

In order to determine the relative peptizability of hydrous 
stannic oxides formed at different temperatures, some experi- 
ments were carried out on the moist instead of the dried oxides 
using dilute instead of concentrated acid. In these experiments 
dilute nitric acid was used since it is known that this acid 
peptizes alpha oxide whereas it has neither a peptizing nor a sol- 
vent action on the typical beta oxide. Accordingly, the be- 
havior with dilute nitric acid of the oxides formed under differ- 
ent conditions should give not only a measure of the relative 
peptizability but should indicate whether the oxides are 
definite individuals differing in solubility, adsorbability and 
peptizability or whether they are mixtures of a definite alpha 
oxide peptizable by nitric acid with a definite beta isomer not 
peptizable by this acid. 

The method of procedure was as follows: Thirty cubic 
centimeters of a freshly prepared stannic chloride solution cor- 
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responding to 1 gm. of Sn 02 were precipitated with 20 cc of 
1.25 N NaOH which was slightly less than enough for com- 
plete precipitation. Before mixing, the solutions were brought 
to the desired temperature and the temperature after mixing 
was noted. The mixture was allowed to stand 1 min., after 
which 50 cc of water of approximately the same temperature 
was added. After thorough shaking, the solutions were centri- 
fuged at 3000 r.p.m. for 2 min. The supernatant liquid was 
poured off and the vessel rinsed after which 100 cc of 1.25 N 
HNOs was added and the contents shaken thoroughly. The 
interval between precipitation and addition of acid was 5 min. 
Observations were made on the different oxides as given in 
Table III. 


Table III 

Peptization of Hydrous Stannic Oxides with Nitric Acid 


Temperature of 
precipitation 

I Observations 

23° 

Peptized rapidly; solution cloudy after 10 min. but 
clear in 15 min. 

40° 

Peptized more slowly; solution very cloudy after 15 
min.; quite cloudy after 30 min. but clear with only 
a slight opalescence in 45 min. 

53° 

Peptized very slowly; solution very cloudy after 1 hr., 
clearing in 2 hrs. and clear with slight opalescence 
after 3 hrs. 

100° 

Peptization far from complete after S hrs. 


The experiment was repeated as above described except 
that the precipitate was allowed to stand 10 minutes before 
centrifuging. This aging produced oxides that were less read- 
ily peptized as indicated by the results recorded in Table IV. 

The results of the above experiments are quite conclusive. 
In the first place they show that there is a distinct difference 
in the peptizability of the oxides prepared at different tem- 
peratures. The loose, finely divided and highly hydrous par- 
ticles of the oxide formed at room temperature are peptized 
readily by nitric acid whereas the more compact, coarser and 
less hydrous particles formed at higher temperatures are less 



670 


Harry B. Weiser 


Table IV 

Peptization of Hydrous Stannic Oxides by Nitric Add (2) 


Temperature of 
precipitation 

Observations 

22® 

Peptized slowly; solution quite cloudy after 2 hrs. and 
slightly opalescent after 4 hrs. 

39° 

Peptized very slowly; no residue but solution very 
cloudy after 5 hrs.; transparent but cloudy after 10 
hrs. 

58° 

Most peptized in 15 hrs. but solution opaque. 

100° 

But little peptized 


readily peptized. The results indicate further that each oxide 
is a definite individual and not a mixture of alpha and beta iso- 
mers in varying proportions. Thus the 40° and 60° oxides are 
not readily peptized by dilute nitric acid and so would not be 
designated as alpha oxides; but they are peptized after a time 
which indicates that they are not beta oxide nor mixtures of 
alpha and beta oxides. This behavior might be explained by as- 
suming that colloidal alpha oxide adsorbs beta oxide and so 
carries the latter into colloidal solution. This is improbable 
as shown by the following experiment on the behavior with di- 
lute nitric acid of a mixture of t)rpical alpha with typical beta 
oxide; 0.5 gram of oxide was precipitated from a fresh solu- 
tion of stannic chloride and at once was thoroughly mixed with 
a suspension containing 0.5 gm. of oxide prepared by the ac- 
tion of nitric acid on tin. After centrifuging in the usual way 
the mixed oxides were treated with 100 cc of nitric acid and 
shaken thoroughly. After 30 minutes the mixture was cen- 
trifuged, throwing down the so-called beta oxide while the 
freshly prepared oxide was held in colloidal solution. 

That the oxides carried into solution by dilute nitric acid 
were in the colloidal state was shown by adding dilute sodium 
sulphate solution which caused complete precipitation. More- 
over, spontaneous precipitation of the colloids was observed 
after they had stood for a day. 

Before concluding this section of the paper attention 
should be called to the doubtful accuracy of Mecklenburg’s 
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assumption that the different stannic oxides are made up of 
“secondary particles” of different sizes formed by agglomera- 
tion of “primary particles” of the same size. It seems to me 
altogether unlikely that the so-called primary particles are 
all exactly alike and I can not see what is gained by making 
such an improbable assumption. I should expect the indi- 
vidual particles of oxide formed by the action of nitric acid on 
tin or by precipitation at high temperatures to be considerably 
larger than those in the hydrous oxide precipitated from a cold 
stannic solution, — a circumstance that would account for 
the very slight peptizability and adsorbability of the former 
as compared with the latter. 

Colloidal Hydrous Stannic Oxide 

Peptization Methods of Preparation . — Colloidal stannic ox- 
ide almost free from electrolytes was first prepared by Graham^ 
by adding alkali to stannic chloride solution or hydrochloric 
acid to sodium stannate solution short of precipitation and di- 
alyzing the resulting solutions. In both cases a gel was first 
formed on the dialyzer but this went into colloidal solution 
again as the purification was continued. The colloid was neg- 
atively charged and Graham attributed the peptization to the 
presence of a small amount of free alkali. Excess of the lat- 
ter was removed by the addition of a few drops of tincture of 
iodine. As noted previously, Graham found that the colloid 
could be boiled without precipitating, thereby forming col- 
loidal beta oxide, so-called. His preparations were fairly 
pure and so were readily coagulated by salts and acids. 

Schneider® prepared the colloid by peptization with am- 
monia. He poured very dilute stannic chloride into dilute 
ammonia until the precipitate first formed just failed to dis- 
solve. The remaining precipitate disappeared on further 
dilution with water and the colloid was then dialyzed forming 
a perfectly clear solution. This colloid was precipitated by 
excess nitric acid and by small amounts of HCl, H2SO4 and nu- 

" Pogg. Ann., 123, 638 (1864). 

* Zeit. anorg. Chem„ 5, 82 (1894). 
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merous salts. The precipitate dissolved in excess HCl and 
H2SO4 forming chloride and sulphate, respectively. 

Zsigfmondy^ improved on the methods of Graham and 
Schneider by doing away with the necessity for dialysis. Two 
methods were employed; In the first a current of air was 
passed through a solution of stannous chloride containing 0.6 
gm. SnCU in 4 liters of water until oxidation was complete. 
A gelatinous precipitate settled out that was washed by de- 
cantation and peptized by the addition of a very small amount of 
ammonia. In the second method 2 gm. of SnCU was dissolved 
in 4 liters of water and allowed to stand 3 days. The gelati- 
nous precipitate obtained was washed by decantation until 
free from chloride and was peptized by dilute ammonia. The 
amount of ammonia required was very small. In one ex- 
periment a single drop containing approximately 0.03 gm. of 
NHs was used in the peptization of 1.45 gm. of .SnOa. Any 
excess ammonia was removed by heating the colloid to boiling. 
As usual, Zsigmondy’s colloids were negatively charged and 
were readily precipitated by electrolytes particularly those 
having strongly adsorbed cations. The properties of the ox- 
ides precipitated from these solutions lay between those of 
the typical alpha and beta oxides and Zsigmondy believed that 
they were not chemical individuals but were mixtures of the 
two forms, the usual properties of each being modified by the 
presence of the other. This view is unquestionably incorrect. 

As previously noted, hydrous stannic oxide freshly pre- 
pared at room temperature is readily peptized by dilute HNOs, 
HCl and H2SO4; while the aged oxide is peptized by concen- 
trated HCl and H2SO4 under suitable conditions but not by 
HNO3. The colloids prepared in this way are positively 
charged as evidenced by the low precipitation value of SO4 
ion in the presence of considerable excess of H ion.''^ 

Preparation by Hydrolysis of Stannic Nitrate. — Biltz* pre- 

' Liebig’s Ann., 301, 361 (1898). 

* Lciwenthal: Jour prakt. Chem., 56, 366 (1852); Mecklenburg: Zeh. 
anorg. Chem., 74, 207 (1912). 

® Ber. deutsch. chem. Ges., 35, 443 (1902). 
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pared colloidal stannic oxide by hydrolysis of a nitrate solution 
prepared by treating 5 gm. of SnCh in 50 cc with an equivalent 
amount of Pb(N 03)2 in 50 cc. After filtering and diluting the 
solution it was dialyzed, forming a colloid that contained a 
considerable excess of nitrate and some lead. The solution 
was cloudy and coagulated when heated. Toward electrolytes 
it behaved like the positive colloidal hydrous oxides of iron and 
chromium. Biltz* studied the mutual precipitating action of 
negative colloidal stannic oxide prepared by Schneider’s method 
and the positive colloidal oxides of iron, aluminum, chromium, 
thorium, zirconium and cerium. 

The Aging of Colloidal Stannic Oxide . — Attention has been 
called to Rose’s observation that the alpha oxide peptized by 
dilute HCl changes gradually into the so-called beta form, 
the change being more rapid the diluter the acid and the higher 
the temperature. This transformation has been followed in a 
number of ways, a few of which will be mentioned : LdwenthaP 
found that K 4 Fe(CN )6 could be removed from solution com- 
pletely by the addition of a dilute solution of stannic chloride; 
but that the older the tin solution the more was necessary to 
precipitate a definite amount of ferrocyanide and the greater 
was the amount of tin in the precipitate. This is shown in 
Table V. Lowenthal’s observations were confirmed by Lo- 
renz-^ who assumed that the ferrocyanide was removed as 


Table V 


1 

Age of SnCh solution 
da. 

i 

1 

Amount of SnCh solution to 
precipitate 0.5 g K 4 Fe(CN)f, 
cc 

Composition of pre- 
cipitate 

Mol Sn(OH )4 

Mol. K 4 Fe(CN )6 

0 

0 

1.5 

7 

10 

2.3 

14 

14 

3.3 

81 

27 

0.5 

12(i 

32 

7.5 

162 

30 

.5 


' Bcr. deutsch. chem. Ges., 37, 1099 (1904). 

* Loc. cit. 

* Zeit. anorg. Chem., 9, 369 (1895). 
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SnFe(CN)6 ; and that more old SnCh solution was necessary on 
account of the lower concentration of stannic ion resulting 
from slow hydrolysis. Mecklenbtu-g* pointed out that this 
explanation was unsatisfactory for two reasons: first, that 
ionic reactions as hydrolysis take place much more rapidly 
than Lorenz assumed; and second, that the composition of 
the precipitate was not SnFe(CN)6 but was variable, con- 
taining more and more tin the older the solution. The true 
explanation of Ldwenthal’s observations lies in the aging of 
the colloidal hydrous oxide. The addition of K 4 Fe(CN )6 
causes coagulation of the colloid. Since the particles of a newly 
formed colloid are smaller and have a greater adsorption 
capacity than those of an older colloid, less of the former is 
necessary to adsorb completely a given amount of ferrocyanide 
and the ratio of tin to ferrocyanide in the precipitate is rela- 
tively low. As the colloid ages however, it becomes less sta- 
ble and the adsorption capacity falls off so that more colloid 
is necessary to adsorb a definite amount of ferrocyanide and 
the ratio of tin to ferrocyanide becomes quite large.® 

The age of colloidal stannic oxide may be determined 
roughly by treating with stannous chloride. The colloid pre- 
pared from freshly formed stannic oxide is not precipitated by 
SnCU whereas the aged colloid is thrown down as a yellow 
precipitate by this reagent. The precipitate is variable in 
composition,® consisting of hydrous stannic oxide that has ad- 
sorbed varying amounts of SnCL under the different condi- 
tions of precipitation. In this connection it may be mentioned 
that hydrogen sulphide precipitates SnSs from a colloidal so- 
lution of the fresh oxide in dilute HCl; whereas from the 
aged colloid, hydrogen sulphide precipitates hydrous stannic 
oxide that is converted only very slowly into SnSj.* The ex- 

' Zeit. anorg. Chem., 6S, 372 (1909). 

- Cf. Barfoed: Jour, prakt. Chem., 101, 368 (1867). 

* Fremy: Ana. Chim. Phys., [3] 12 , 462 (1844); 23 , 393 (1848); Schiff: 
Liebig’s Ann., 120 , 4 (1861). 

M6rgensen; Zeit. anorg Chem., 28 , 140 (1901); Barfoed: Jour, prakt. 
Chem., 101, 170 (1867). 
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planation of this behavior is evident when we consider the 
difference in solubility of the new and old oxide. In the new 
colloid prepared by peptization with HCl there is some stannic 
ion, the removal of which by precipitation as SnSz results in 
further solution and subsequent precipitation until all is 
thrown down as sulphide; while the aged colloid contains but 
a negligible amount of stannic ion and the precipitate with 
H2S is almost entirely the hydrous oxide. 

Lbwenthal noted that the aging of colloidal hydrous 
stEmnic oxide does not take place in the presence of tartaric 
acid. The reason for this is that a complex is formed that can 
be gotten in a definite crystalline form if desired. ‘ 

Earlier in this paper I pointed out that the aging of the 
newly formed oxide peptized by nitric acid manifested itself 
by gradual spontaneous precipitation until none remained in 
the colloidal state. 

From this survey it is evident that we may have any num* 
ber of colloidal solutions of hydrous stannic oxides, each differ- 
ing from the others in the size of the hydrous particles and hence 
in their reactivity, adsorbability and stability under given 
conditions. As a rule the smaller, more soluble hydrous par- 
ticles are transformed into larger, less soluble and less hydrous 
particles but the reverse process goes on in the presence of 
fairly concentrated HCl or alkali. ‘ As with the precipitated 
oxide, there is no ground for assuming that the different col- 
loidal solutions are mixtures of colloidal alpha with colloidal 
beta particles in varying proportions. 

Behavior of Colloidal Hydrous Stannic Oxide with Colloidal 
Metals. — One of the most characteristic properties of colloidal 
hydrous stannic oxide is its protective action on colloidal 
metals. It is well known that when a gold solution is treated 
with SnCU a red coloration is first produced followed by the set- 
tling out of a purple or brown precipitate known as gold 
purple of Cassius from its discoverer Andreas Cassius of Eey- 

‘ Rosenheim and Aron; Zeit. anorg Chem., 39, 170 (1904). 

2 Rose; Weber; Lbwenthal; Barfoed; Musculus. Loc. cit. 
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den. Because of its wide use as a pigment in the ceramic 
industry, a number of recipes have been described for its prepa- 
ration. The substance varies in color and composition with 
the method of formation. Certain earlier investigators as 
Richter and Gay-Lussac believed that purple of Cassius was 
a mixture but Berzelius believed that it must be a definite 
compound. The latter view is supported by the fact that 
purple of Cassius is purple in color while a mixture of gold and 
stannic oxide is brick red ; that gold is not separated from pur- 
ple of Cassius with aqua regia whereas it is from a mixture; 
that mercury does not extract gold from the purple as it does 
from a mixture; and finally that the freshly prepared purple 
is dissolved by ammonia forming a purple liquid. In spite 
of this evidence we now know that Berzelius’ view is incorrect. 
Debray* believes that gold forms a kind of color lake with 
stannic oxide which is soluble in ammonia. Schneider® em- 
phasizes the colloidal character of purple of Cassius and con- 
cludes rightly that its ammoniacal solution is a mixture of 
colloidal gold with colloidal hydrous stannic oxide. Support- 
ing Schneider’s view Zsigmondy® points out that a mere trace 
of ammonia will dissolve a large amount of freshly precipitated 
ptirple and that this purple solution will not pass through 
parchment during electrolysis as electrolytes do. He settled 
the question once for all by precipitating with nitric acid 
suitable mixtures of colloidal gold writh colloidal stannic oxide, 
obtaining purples almost identical with those prepared in 
other ways. The gold does not combine chemically with stan- 
nic oxide but the usual properties of the former are masked by 
the protective action of the latter. 

Muller^ observed that a great number of substances are 
colored red by colloidal gold® and Moissan® has obtained pur- 

^ Comptes rendus, 75, 1025 (1872). 

2 Zeit. anorg. Chem., 5, 80 (1894). 

3 Liebig^s Anti., 301, 361 (1898). 

* Jour, prakt. Chem., 30, 252 (1884). 

3 Antony and Lucchesi: Gazz. chim. Ital., [2] 26, 195 (1896). 

® Comptes rendus, 141 , 977 (1905). 



Hydrous Oxides. IV 


677 


pies by distilling gold with tin, alumina, magnesia, zirconia, 
silica and lime. Substances similar to gold purple have been 
prepared with other metals. Thus Wohler’ showed that silver 
purple, formed by mixing AgNOs with Sn(N 03)2 is analogous to 
the gold pigment; and Lottermoser* prepared the former 
synthetically in the same manner as Zsigmondy prepared the 
latter. Wohler* has also made an analogous platinum combi- 
nation. All of these so-called “purples” are colloidal in nature, 
the composition varying with the conditions of formation. 
Their colloid chemistry is chiefly that of hydrous stannic ox- 
ide. When freshly prepared the purples are readily peptized 
by ammonia or dilute HCl ; but when dried there is little or no 
peptizing action even by concentrated ammonia or HCl. 

Behavior of Hydrous Stannic Oxide with Other Hydrous 
Oxides.— In analytical chemistry the usual method of estimating 
tin consists in oxidizing it to insoluble stannic oxide and weighing 
it as such. It is well known however that the oxide formed in 
this way is always contaminated by other substances present 
in the solution from which it separates. Thus Rose^ showed 
that it carries down appreciable quantities of iron, bismuth, cop- 
per, and lead. Rose made the interesting observations that 
when iron is present in small amounts the stannic oxide pre- 
cipitated from nitric acid solution is contaminated by it; 
but that when any considerable quantity of iron is present, 
both the iron and tin remain in solution. Rose’s observ'ations 
were confirmed and extended by Lepez and Storch.* The 
latter digested tin with nitric acid containing iron and ob- 
tained solutions that varied in stability depending on the rela- 
tive amounts of tin and iron present. They found that solu- 
tions containing two atoms or less of tin to one of iron could 
be boiled and even evaporated to dryness in a vacuum. Con- 
centrated nitric acid threw out of these solutions a yellowish 

^ Zeit. Kolloidchemie, 7, 248 (1910). 

* Anorganische Kolloide, 1901, 53. 

® Zeit. KoUoidchemie, 2, Supplement, page III (1907). 

^ Pogg. Ann., 112, 164 (1801). 

Monatshefte, 10, 283 (1889). 
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precipitate that redissolved on dilution. Sulphuric acid and 
sulphates caused a permanent precipitate while acetic acid and 
alkali chlorides and nitrates caused no precipitation. By 
evaporating different solutions, the authors claimed to get 
compounds having the following formulas: 1.8Sn02.H20.- 
Fe203.1.8N205; 4Sn02.H20.Fe203.1.1N206; and 6SnO.H20.- 

Fe202.1.6N205. It was further observed that when a mixture 
of ferric and stannic hydrates was thrown down from the 
mixed nitrates by a slight excess of ammonia and the precipi- 
tate washed free from NH4NO3, this precipitate, still contain- 
ing a trace of ammonia, dissolved in water to a clear solution. 
Removal of ammonia by dialysis resulted in precipitation; but 
the addition of a trace of ammonia again caused complete solu- 
tion . Chromic nitrate was observed to behave like ferric nitrate ; 
but aluminum, uranium, cobalt, nickel and copper nitrates 
did not cause solution of stannic oxide. 

Experimental 

The observations of Rose and of Lepez and Storch would 
seem to indicate that their ferric-stannic mixtures were either 
colloidal solutions of hydrous ferric oxide peptized by hydrous 
stannic oxide or of colloidal hydrous stannic oxide peptized by 
ferric and hydrogen ions. In order to determine the nature of 
these solutions a series of experiments was carried out that will 
now be described. 

Action of Colloidal Hydrous Stannic Oxide on Hydrous Fer- 
ric Oxide. — Solutions were prepared of stannic and ferric 
chlorides normal with respect to the metallic ion. Ten cubic 
centimeters of the mixed chlorides were precipitated with an 
equal amount of normal NH4OH in a 250 cc bottle after 
which 50 cc of water was added and the mixture centrifuged 
2 min. at 3000 r.p.m. The supernatant liquid was drained 
from the precipitate which was shaken at once with 100 cc of 
N/lOO NH4OH. The complete peptization of both the hydrous 
stannic and ferric oxides took place in a short time with the 
lower concentrations of iron while with higher concentrations the 
peptization of the latter was slower. The solutions were shaken 
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at intervals until peptization of ferric oxide was complete or 
until there was no further peptization. The results of a series 
of experiments after 4 days are given in Table VI. 


Tablb VI 

Peptization of Mixtures of Hydrous Stannic Oxide and Hydrous 
Ferric Oxide with 0 . 01 N Ammonium Hydroxide 


Mixed oxides prepared 


from 


N SnCU + N PeCh 

Observations 

cc 

CC 


9.5 

0.5 

Clear, colorless colloidal solution 

9.0 

1.0 

Clear colloidal solution with yellow tinge 

S.5 

1.5 

Clear, light yellow colloidal solution 

s.o 

2.0 

Clear, yellow colloidal solution 

7.5 

2.5 

Clear, reddish yellow colloidal solution 

7.0 

5.0 

Clear yellowish red colloidal solution 

6 0 

4.0 

But little ferric oxide peptized; supernatant 



liquid cloudy. 

.5.0 

5.0 

No ferric oxide peptized; supernatant liquid 



clear and colorless. 

2.0 

S.O 

No peptization of either hydrous oxide 


The above results are quite conclusive. Hydrous stannic 
oxide is peptized by hydroxyl ion while hydrous ferric oxide is 
not. However, the colloidal stannic oxide adsorbs ferric ox- 
ide and carries it into colloidal solution as long as tin is present 
in excess. At the same time hydrous ferric oxide adsorbs stan- 
nic oxide and tends to take it out of colloidal solution so that 
when the former is present in large excess no tin remains 
peptized. This is quite analogous to the behavior of hydrous 
chromic oxide with the hydrous oxides of iron, manganese, co- 
balt, nickel, copper and.magnesitim.* 

On account of the mutual adsorption of hydrous stannic 
oxide and hydrous ferric oxide, we should expect the precipi- 
tate obtained by mixing positive colloidal ferric oxide with 
negative colloidal stannic oxide to contain appreciable amounts 
of both oxides. I hope to determine whether the precipitate 

* Northcote and Church: Jour. Chetn. Soc., 6, 54 (1864); Nagd; Jour. 
Phys. Chem., 19 , 331 (1916). 
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obtained by mixing yellow colloidal ferric oxide* with colloidal 
stannic oxide under suitable conditions, can be ignited without 
becoming red.* 

Peptization of Hydrous Stannic Oxide with Mixtures of 
Ferric Nitrate and Nitric Acid. — Ten cubic centimeters of normal 
stannic chloride were mixed with an equal amount of normal 
alkali; 50 cc of water were added and the mixture centrifuged 2 
minutes at 3000 r.p.m. After pouring off the supernatant liquid 
and rinsing the vessel, the precipitate was shaken with elec- 
trolyte. The details of a series of such experiments and the 
observations are given in Table VII. The colloidal solutions 
which were formed could be precipitated at once by the addi- 
tion of a small amount of a sulphate solution. 


Table VII 

Colloidal Stannic Oxide peptized by Fe(NOs)s and HNO., 


0.38 g Sn 02 -f- XH 2 O peptized 


by 

N HNO 3 + N Fe(NO ,)3 -|- H 2 O 

Observations 


cc 

CC 

CC 

after 1 day 

after 1 week 

40 

0 

10 

All precipitated 


39 

1 

10 

Very cloudy; 
partly precipi- 
tated 

All precipitated 

i 

38 

2 

10 

Slightly cloudy 

Very cloudy 

37 

3 

10 

Slightly opales- 
cent 

Slightly cloudy 

36 


10 

Clear 

Slightly opales- 
cent 

35 

5 

10 

Clear 

Slightly opales- 
cent 

34 

6 

10 

Clear 

Clear 

0 

40 

10 

Cloudy 

Clear 


In addition to the above experiments an aged hydrous ox- 
ide that had stood several days was treated with a solution 
of ferric nitrate. Peptization resulted on standing. 

» Weiser: Jour. Phys. Chem., 24, 322 (1920). 

“Keane: Ibid., 20, 734 (1916); Scheetz: Ibid., 21, 670 (1917); Yoe: 
Ibid., 25, 196 (1921). 
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The explanation of these observations is now fairly simple. 
As previously noted, hydrous stannic oxide peptized by nitric 
acid coagulates spontaneously since the aged oxide is neither 
peptized nor dissolved by this acid . Ferric nitrate peptizes this 
oxide both when newly formed and when aged. Accordingly, 
if freshly prepared hydrous stannic oxide is peptized either by 
ferric nitrate or by a suitable mixture of ferric nitrate and 
nitric acid, coagulation does not take place on standing or 
boiling on account of the stabilizing action of the strongly ad- 
sorbed ferric ion; but if the concentration of ferric ion in the 
nitric acid solution is too low partial coagulation takes place as 
shown in the table. 

Stannic Oxide Jellies 

When a colloidal solution of hydrous stannic oxide is 
evaporated a transparent jelly is obtained; while precipita- 
tion with electrolytes is said always to give a gelatinous pre- 
cipitate and not a jelly. ' In a previous communication, I have 
pointed out that one should expect to get a jelly whenever 
a suitable amount of a highly hydrous substance is gotten into 
colloidal solution and precipitated under suitable conditions.- 
Since hydrous stannic oxide apparently possesses the desired 
properties, there seemed no reason why stannic oxide jellies 
could not be obtained by precipitation from colloidal solution. 
Accordingly the following experiments were carried out. 

Coagulation of Hydrous Stannic Oxide from Solution in 
Alkali. — Chromic oxide jellies were obtained by the spontaneous 
coagulation of a colloidal solution formed by the rapid addition 
to a solution of CrCb of just enough alkali to cause complete 
peptization of the hydrous oxide first precipitated. '* In a simi- 
lar manner 10 cc portions of N SnCU were treated with varying 
amounts of N NaOH as given in Table 'VIII and the solutions 
allowed to stand. The results follow. 

* Zsigmondy-Spear; Chemistry of Colloids, 1917, 156. 

* Weiser: Jour. Phys. Chem., 26, 429 (1922). 

3 Ibid: 26, 424 (1922). 
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Tablb VIII 

Peptization of Hydrous Stannic Oxide by Alkali 


Solutions mixed 

Observation 

Nature of pre- 
cipitate 

N NaOH cc 

N SnCUcc 

12.0 

10 

Peptization incomplete 

Granular 

12.25 

10 

Peptization almost complete 

Granular 

12.50 

10 

Peptization complete 

Granular 

12.75 

10 

Peptization complete 

Granular 


The failure to get a jelly by the procedure described 
above was not unexpected. I have pointed out elsewhere 
that alkali hydroxides have not only a peptizing action on 
hydrous stannic oxide but also a solvent action which results 
in the formation of some stannate even in dilute solution. 
It is this solvent action which causes the precipitation of large 
particles instead of fine filaments or films that constitute a 
jelly structure. Chromic oxide jellies are formed under sim- 
ilar conditions since alkali hydroxides do not dissolve the oxide 
with the formation of chromite. In order to avoid the excess 
of alkali required to cause peptization of stannic oxide in the 
presence of an equivalent amount of chloride, the colloidal ox- 
ide was first prepared practically free from electrolytes and 
this colloid was then coagulated by the addition of electro- 
lytes as described in the following paragraph. 

Coagulation of Colloidal Stannic Oxide with Electrolytes . — 
Colloidal stannic oxide was prepared by Zsigmondy’s method. 
3.6 gm. of SnCh.S H 2 O was dissolved in 3 liters of water and 
allowed to stand 3 days. The resulting hydrous oxide was 
washed by the aid of the centrifuge until it was so free from 
chlorides that it started to go into colloidal solution. Several 
of these washed portions were combined, shaken up with water 
containing a small amount of ammonia and allowed to stand 
imtil peptization was complete. The excess of ammonia was 
removed by boiling which ages the colloidal oxide. The so- 
lution used in the subsequent experiments contained 28.3 g. 
SnOs per liter. This was determined by evaporating 10 cc 
portions to dryness and igniting the oxide. 
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The colloid was negatively charged and was readily co- 
agulated by the addition of electrol 5 d;es. From the results ob- 
tained with hydrous chromic oxide it seemed altogether prob- 
able that jellies would be formed by the addition of sufficient 
electrolyte to cause slow coagulation. This conclusion was 
borne out by precipitation experiments with BaCh, SrClj, 
NaCl and HCl. The method of procedure was as follows; 
5 cc portions of colloid were mixed with varying amounts of 
electrolytes diluted to 5 cc and the resulting mixture allowed 
to stand quietly. The colloid was measured with a 10 cc Mohr 
pipette and the electrolytes with a 2 cc Ostwald pipette grad- 
uated in 0.1 cc. The observations after allowing the mixtures 
to stand 2 days, are given in Table IX. 

Table IX 


Precipitation of Colloidal Stannic Oxide by Flectroljdes 



Electrolyte 



Formula 

Amount added 

Concentration 
(millieq. per 1 ) 

Observations 

BaClo 

3.00 cc N/lOO 

3.00 

Clear, tranvsparent jelly 

BaCh 

3.50 cc N/lOO 

3.50 

Clear, transparent jelly; 
very firm 

BaCh 

3.75 cc N/lOO 

3.75 

Jelly; somewhat cloudy 
and slightly synerized 

BaCh 

4.25 cc N/H)0 

4.25 

Gelatinous precipitate 

vSrCh 

3.50 cc N/lOO 

3.50 

Clear solution; somewhat 
viscous 

vSrCU 

4.00 ccN/ 100 

4.00 

Clear, transparent jelly 

SrCh 

4.50 cc N/lOO 

4.50 

Clear transparent jelly; 
very firm 

SrCh 

5.(K) cc N/lOO 

5.00 

Cloudy jelly; synerized 
slightly 

NaCl 

2.00ccN/10 

20.00 

Clear solution ; viscous 

NaCl 

2.25 cc N/10 

22.50 

Soft, cloudy jelly 

NaCl 

2.50ccN/10 

25.00 

Soft, cloudy jelly 

NaCl 

2.75 cc N/10 

27.50 

Gelatinous precipitate 

HCl 

1.50ccN/50 

3.00 

Clear solution 

HCl 

1.75ccN/50 

3.50 

Clear, transparent jelly 

HCl 

2.00ccN/50 

4.00 

Clear, transparent jelly 

HCl 

2.25ccN/50 

4.50 

Cloudy jelly; synerized 

HCl 

2.50 cc N/50 

5.00 

slightly 

Gelatinous precipitate 
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The results of the experiments described above confirm 
the conclusions reached from similar experiments with hydrous 
chromic oxide. To get a jelly all that is necessary is to pre- 
cipitate a colloidal solution of the hydrous substance of suit- 
able concentration at a suitable rate in the absence of electro- 
lytes that may have an appreciable solvent action. The 
favorable concentration for different electrol 5 ^es is in the im- 
mediate region of their precipitation concentration. A lit- 
tle below this value, no precipitation or only a slight precipi- 
tation takes place; while a little above it a gelatinous pre- 
cipitate and not a jelly is formed on account of the contraction 
resulting from too rapid precipitation. It will be noted that 
the hydrogen ion concentration within which jellies are formed 
can vary considerably. In the case of hydrous chromic oxide, 
jellies were obtained from stongly alkaline solution and from a 
colloidal solution stabilized by hydrogen ion ; so with hydrous 
stannic oxide, jellies were obtained by precipitation of the 
colloid stabilized by hydroxyl ion both with neutral salts and 
with 0.004 N HCl which is approximately the precipitation 
concentration of the latter. 

It is of interest to note that a greater concentration of 
aged stannic oxide than of chromic oxide is necessary to form 
a firm jelly. The best stannic oxide jellies prepared as above 
described contained approximately 1 mole SnOj to 600 moles 
of H 2 O; while firmer chromic oxide jellies were formed con- 
taining 1 mole CrjOs to 5000 moles of water. 

Summaiy 

The results of this investigation may be summarized 
briefly as follows: 

(1) The so-called stannic and metastannic acids are not 
acids but are hydrous stannic oxides the composition and 
properties of which are determined by the conditions of forma- 
tion. 

(2) Stannic oxide, newly formed by precipitation from a 
solution of stannic salt at ordinary temperature, is a loose, 
highly hydrous mass that is readily peptized by dilute acids 
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and alkalis forming a colloidal solution and is dissolved by 
concentrated acids and alkalis forming salts. The oxide is 
more compact, less hydrous, less soluble and less easily pep- 
tized the higher the temperature of formation. The newly 
formed oxide undergoes this transformation on standing at 
ordinary temperatures. 

(3) Experiments on the peptization by nitric acid of 
oxides prepared under different conditions disclose that the 
different products are not mixtures of varying amounts of a 
definite alpha oxide pcptizable by nitric acid with a definite 
beta isomer not peptizable by nitric acid. 

(4) Hydrous stannic oxides prepared at different tempera- 
tures or “aged” for varying lengths of time are chemical in- 
dividuals which differ from each other in the size of the parti- 
cles and the structure of the mass and hence in their adsorba- 
bility and mordanting action, their ease of peptization and their 
solubility. 

(5) There are no definite hydrates of stannic oxide. 
Salts of the general formulas SnR 4 and M 2 Sn 03 are formed 
by the action of concentrated acids and alkalis on newly 
formed hydrous stannic oxide. Numerous oxy -salts and com- 
plex .stannates and metastannates have been prepared by the 
action of acids and alkalis on different hydrous stannic oxides. 
These are not definite compounds but are adsorption products, 
the composition of which is determined by the age of the hy- 
drous oxides and the concentration of acid or base with which 
they were treated. 

(6) Colloidal solutions of hydrous stannic oxide can be 
prepared by peptization of the newly formed oxide with di- 
lute acids or alkalis. The colloid ages slowly on standing and 
rapidly on heating. Any number of colloidal solutions are 
possible each differing from the others in the size of the hydrous 
particles and hence in their reactivity, adsorbability and sta- 
bility under given conditions. 

(7) Hydrous stannic oxide adsorbs colloidal gold, silver 
and platinum forming “purples,” the most common of which 
is the gold purple of Cassius. All of these purples are colloidal 
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in nature, the composition varying with the conditions of 
formation. Their colloid chemistry is chiefly that of hydrous 
stannic oxide. When freshly prepared they are readily 
peptized by dilute acids and alkalis but when “aged” by dry- 
ing they are peptized but slightly even by concentrated 
reagents. 

(8) A mixture of the hydrous oxides of iron and tin in 
certain proportions is soluble in dilute ammonia. Investiga- 
tion of this phenomenon led to the following explanation: 
Hydrous stannic oxide is peptized by hydroxyl ion while hy- 
drous ferric oxide is not. However, colloidal stannic oxide 
adsorbs ferric oxide and carries it into colloidal solution as 
long as tin is present in excess. At the same time hydrous 
ferric oxide adsorbs stannic oxide and tends to take it out of 
colloidal solution so that when the former is present in large 
excess none of the latter remains peptized. 

(9) Stannic oxide does not precipitate in the usual way 
from a solution of tin in nitric acid containing a suitable 
amount of iron. An investigation of this behavior led to the 
following explanation: Hydrous stannic oxide peptized by 
nitric acid coagulates spontaneously since the aged oxide is 
neither peptized nor dissolved by this acid. Ferric nitrate 
peptizes the oxide both when newly formed and when aged. 
Accordingly, if freshly prepared stannic oxide is peptized 
either by ferric nitrate or by a suitable mixture of ferric ni- 
trate and nitric acid, coagulation does not take place on stand- 
ing or boiling on account of the stabilizing action of the strongly 
adsorbed ferric ion; but if the concentration of ferric ion in 
the nitric acid solution is too low, complete or partial coagula- 
tion takes place on standing or boiling. 

(10) Stannic oxide jellies were prepared by coagulation of 
colloidal solutions of the oxide with suitable concentrations of 
electrolytes. The results of the investigations support the 
author’s general theory of the formation of jellies. 

Department of Chemistry, 

The Rice Institute 
Houston, Texas 
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Proteins and the Theory of Colloidal Behavior. By Jacques Loeb, 21X15 
cm; pp. xi - 1 - 2Q2. New York: McGraw-Hill Book Co , IQ22, Price: $5.00 , — In 
the preface the author says that "colloid chemistry has been developed on the 
assumption that the ultimate unit in colloidal solutions is not the isolated molecule 
or ion but an aggregate of molecules or ions, the so-called micella of Naegeli. 
Since it seemed improbable that such aggregates could combine in stoichio- 
metrical proportions with acids, alkalies, or salts, the conclusion was drawn 
that electrolytes were adsorbed on the surface of colloidal particles according 
to a purely empirical formula, Freundlich's adsorption formula." 

From the reviewer’s standpoint this brief paragraph contains at least 
three fundamental errors Colloid chemistry has been developed on the as- 
sumption that colloidal solutions are suspensions and not solutions. Of course 
the suspended particles are not isolated molecules; but that is absolutely a side 
issue. It is perhaps because of this initial error that Loeb fails to grasp the im- 
portant difference between a solution and a suspension. Adsorption was not 
postulated because of the improbability of aggregates combining in stoichio- 
metric proportions with acids, alkalies, or salts, and it was not deduced from 
the behavior of colloidal solutions. The idea of adsorption came from the fact 
that a second phase, charcoal, silica, etc., took material out of solution in a manner 
which did not correspond to stoichiometric relations. The application of this 
to adsorption in a colloidal solution, by proteins for instance, was a secondary 
step and again had nothing to do with any question of improbability. Loeb 
has overlooked the fact that solid calcium sulphate presumably does not consist 
of isolated molecules and yet it will take up water in stoichiometric proportions. 
If one is not willing to accept water as typical, it would undoubtedly be a simple 
matter to find a sparingly soluble salt which would take another salt out of solu- 
tion to form a double salt. Loeb is ascribing to the chemists emotions and be- 
liefs which are quite foreign to them. It is also a mistake to lay stress on Freund- 
lich’s adsorption formula. The important point is that the concentrations in 
the solution and in the adsorbent vary continuously. Whether the change of 
concentrations can be expressed quantitatively by any single formula is of no 
importance whatsoever. It is quite true that many articles are written in such 
a way as to imply that the quantitative agreement of the results with the formula 
is essential; but a man like Loeb cannot base his argument on carelessly expressed 
articles without throwing himself open to the charge of special pleading. 

In the second paragraph of the preface Loeb says that "the writer’s in- 
vestigations have led to the result that this conclusion is based on a methodical 
error, as far as the proteins are concerned ; namely to the failure to measure the 
hydrogen ion concentration of the protein solutions, which happens to be one 
of the main variables. When the hydrogen ion concentrations are duly measured 
and considered, it is found that proteins combine with acids and alkalies accord- 
ing to the stoichiometrical laws of classical chemistry and that the chemistry of 
proteins does not differ from the chemistry of colloids." This is the thesis which 
the book attempts to prove. 



688 


New Books 


The volume is divided into two parts, the first giving the proof of the 
stoichiometrical chairacter of the reactions of proteins in seven chapters, and the 
second outlining the author’s theory of colloidal behavior based on Donnan’s 
theory of membrane equilibria in nine chapters. 

The first chapter is entitled historical introduction and takes up briefly: 
the alleged difference between the chemistry of colloids and of crystalloids; 
the isoelectric point of proteins; the adsorption theory and the precipitation of 
proteins; the Hofmeister ion series; the aggregration hypothesis; Pauli's hydra- 
tion theory; Donnan’s membrane equilibrium. The second chapter deals with 
the qualitative proof of the correctness of the chemical view-point and with the 
preparation of proteins free from ionogenic impurities. Here again we find 
the inaccuracy of statement, p. 27, which is too frequent in the book. "Those 
who believe in the adsorption theory assume that both ions of a salt are adsorbed 
by colloids and Pauli holds that both ions of a salt are adsorbed by the non- 
ionized molecules of protein ’’ What Loeb should have said is that the protein 
may adsorb either ion and the undissociated salt, which is entirely different. 
Loeb’s qualitative proof of the truth of the chemical theory consists in treating 
granulated gelatine with salt solutions and washing six times. He finds that 
at the iso-electric point, pH = 4 7, no salt is formed, while sodium gelatinate 
is obtained at higher values and gelatine chloride at lower values. Pe overlooks 
entirely that there is no proof of the formation of either and that the same results 
would be found if he postulates adsorption of hydroxyl and hydrogen ions in- 
stead of formation of sodium gelatinate and gelatine chloride. 

In the third chapter are given the methods of determining the isoelectric 
point of protein solutions and in the fourth chapter the quantitative proof of 
the correctness of the chemical viewpoint. Locb shows, p. 42, that some hydro- 
gen ion di.sappears and no chlorine ion when hydrochloric acid is added to gelatine 
and water. He interprets this as showing that gelatine chloride has been formed : 
but of course it is what one would expect if hydrogen ion is adsorbed and chlorine 
ion is not. If Loeb had plotted hydrogen ion against ad.sorbed hydrogen ion 
he would have obtained a very nice curve. The truth of the matter is that 
experiments of this sort do not enable one to distinguish between the two hy- 
potheses. On p. 44 Loeb gives data for the amounts of different acids necessary 
to bring crystalline egg albumin solutions to given pH values. He finds that 
"the curve is the same for N/10 HCl and N/10 H2SO4 since both are strong acids: 
or, in other words, H2SO4 combines in equivalent proportions with egg albumin. 
The curve for H8PO4 is the highest curve and if we compare the values for H3PO4 
with those for HCl (or H2SO4) we notice that for each pH the ordinate for H3PO4 
is as nearly three times as high as that for HCl as the accuracy of our experi- 
ments permits. This means that phosphoric acid combines with albumin (inside 
the range of our experiment) in molecular proportions and that the anion of 
albumin phosphate is the monovalent anion H2PO4.’’ This is the natural way 
of accounting for the observations; but Loeb has overlooked the fact that the 
same results will follow if we postulate that we are dealing primarily with the 
adsorption of hydrogen ion. 

In the fifth chapter the author deals with the valency rule — ^which he 
assumes to be absolute — and \'dth the Hofmeister series. He puts a gelatine 
solution with additions in a collodion bag, which is immersed in water having 
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the same pH as the protein solution, p. 67, and measures what he calls the os- 
motic pressure The reviewer would have welcomed a discussion whether this 
is really a measurement of osmotic pressure. From Loeb’s point of view the 
collodion membrane is impermeable to dissolved gelatine or gelatine ion; but 
that begs the whole question because what we want to know is whether we have 
gelatine ion in solution. On the basis of his experiments, Loeb concludes, p. 
70, that the Hofmeister scries means nothing. This may be true; but potassium 
iodide solutions do liquefy gelatine in a way that potassium chloride solutions 
do not and this cannot be a question of hydrogen ion concentration alone, be- 
cause the chlorine ions and the iodine ions would affect the hydrogen ion con- 
centration equally if there were no specific disturbing factor. So far as we can 
see, the question of the purity of the gelatine is not essential under these cir- 
cumstances ITnfortunately Loeb ignores the action of potassium iodide on 
gelatine, although this point seems to the reviewer a crucial one. 

In chapter six we have the action of neutral salts on the physical properties 
of proteins and in the seventh chapter a discussion of the inadequacy of the 
present theories of colloidal behavior. On p. 112 Loeb says that ‘'we have 
given a survey of the influence of electrolytes on the behavior of proteins and 
we may now single out those characteristics which are specifically colloidal, 
i e , which do not seem to occur in crystalloids. These characteristics are 

1 The addition of little acid (or alkali) to an isoelectric protein (crystal- 
line egg albumin, gelatin, and casein) increases, and the addition of more acid (or 
alkali) diminishes the osmotic pressure, the viscosity (and also, as will be 
seen, the potential differences) of solutions of these proteins, and the same is 
true for the swelling of gelatin. 

2. This effect of acids and alkalies depends only on the sign and the 
valency of the ions in combination with the proteins; ions of the same sign and 
valency, e. g , Cl, NO3, CH3COO, H2PO4, HC2O4, etc., influence the properties 
in the same way, provided that the properties of the protein solutions are com- 
pared for the same pH and the same concentration of originally isoelectric protein, 
and provided that no constitutional changes occur in the protein molecule or ion. 

3 When the ion in combination with a protein is bivalent (c. g , S 04 , 
Ca, Fa) the osmotic pressure, viscosity, and swelling of the protein are consider- 
ably le.ss than when the ion is monovalent (e g.. Cl, Br, NOs, HsP04, HC2O4, 
Na, K, etc.). 

4. The addition of a neutral salt to a protein solution (which is not at 
the isoelectric point) depresses the osmotic pressure, viscosity (and potential 
difference) of the solutions and the degree of swelling of gels, and this effect 
increases with the valency of that ion of the salt which has the opposite sign 
of charge to that of the protein ion. 

“Any theory which claims to be able to explain colloidal Ixihavior must 
account quantitatively for these four results As a matter of fact the explana- 
tions offered in the colloidal literature do not even suffice as qualitative explana- 
tions since they are in contradiction with the facts. 

“W'e have seen in the introduction how the original definition of colloids 
by Graham, based on the non-diffusion of colloids (through membranes), has 
of late been abandoned by colloid chemists in favor of the micella or aggregation 
theory of colloids, according to which the ultimate unit of colloidal matter in 
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solution or suspension is not the isolated molecule or ion, but an aggregate of 
the latter — ^the micella of Naegeli. Such aggregations occur and they play a 
r 61 e in gel formation, precipitation, and to some extent in the viscosity of protein 
solutions, but they cannot explain the influence of electrolsrtes on the properties 
of proteins mentioned, since they have only an indirect connection with colloidal 
behavior. It will be shown that the aggregates act like membranes blocking 
the diffusion of the ions constituting the aggregate and this prevention of diffu- 
sion is a source of colloidal behavior. 

''The depressing effect of the addition of salts to protein solutions cannot 
be harmonized with the aggregation theory. Zsigmondy suggests that the de- 
pressing effect of a neutral salt on the osmotic pressure of a solution of a gelatin 
salt might find its explanation in the assumption that the addition of salt in- 
creases the degree of aggregation and hence diminishes the number of the par- 
ticles in solution, the diminution in the number of particles leading to the lower- 
ing of osmotic pressure. It is undoubtedly true that salts precipitate proteins 
and that precipitation is due to an increase in aggregation, but the salting out 
of gelatin from its watery solution is not determined by the ion with the opposite 
sign of charge to that of the protein ion, while we have seen that the depressing 
effect of a salt on the osmotic pressure of gelatin solutions is determined by the 
ion with the opposite sign of charge to that Of the protein ion. In other words, 
the salting out of gelatin from its watery solution is a process of an entirely 
different character from the lowering of the osmotic pressure of a protein solu- 
tion by a neutral salt. It is, therefore, impossible to explain the latter process 
by the former. 

"Moreover, the attempt to explain the depressing effect of the addition 
of salts on the basis of the micella theory fails completely in the case of the other 
properties of protein solutions which are equally depressed by them as the os- 
motic pressure, namely, the viscosity and the potential difference 

"We shall see in Chap. XIII that if the state of aggregation increases in 
a gelatin solution — i. e., if isolated protein molecules or ions unite to form a larger 
aggregate — the viscosity of the solution is thereby increased, for the reason that 
these aggregates occlude comparatively large quantities of water whereby the 
relative volume occupied by the gelatin in the solution is increased. This in- 
crease in the volume of the micellae at the expense of water leads, as will be seen, 
to an increase in viscosity. Hence, if we assume that the addition of a salt 
increases the degree of aggregation in protein solution, it would follow that this 
should result in an increase of viscosity : while the addition of salt depresses 
the viscosity. The attempt to explain the depressing influence of salts on the 
osmotic pressure and viscosity of protein solutions on the basis of the aggregra- 
tion theory leads therefore to conclusions which are in contradiction with the 
actual facts." 

Without going into the other points, the preceding paragraph may serve 
as a text for one remark. When a suspension agglomerates partially, the vis- 
cosity may increase or decrease, depending on the amount of water trapped in 
the aggregates. It is therefore possible, though not proved, that salts might 
increase the degree of aggregation of a protein solution and yet decrease the vis- 
cosity of the solution. Points like this are overlooked by Loeb throughout the 
book. 
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The final paragraph, p. 119, in this chapter summarizes Loeb’r* conclu- 
sions in regard to the first part of the book. “As long as chemists continue to 
believe in the applicability of the adsorption formula to the behavior of proteins, 
no scientific theory of colloidal behavior will be possible. Wc intend to show 
in the second part of the book that such a theory can be given on the basis of 
the stoichiometrical proof that proteins form true salts with acids and alkalies, 
and that these salts lead to the formation of protein ions. Colloidal behavior 
is due to the fact that these protein ions cannot diffuse through many membranes 
which are i)ermeable to the majority of crystalloidal ions, or tliat protein ions 
form solid gels in which cohesive forces prevent their diffusion, while such gels 
are permeable to crystalloidal ions. The theory of the equilibrium conditions 
resulting from this difference in the diffusibility of the two opposite ions of an 
electrolyte was developed by Bonn an These equilibrium conditions give rise 
to forces, such as potential difference, osmotic pressure, etc., which are the only 
cause of colloidal behavior It will be shown that Donnan’s theory gives not 
only a qualitative but a quantitative and mathematical explanation of colloidal 
behavior.” 

In the second part of the book the chapters are entitled, membrane 
potentials; the origin of the electrical charges of micellae, and of living cells 
and tissues; osmotic pressure; swelling; viscosity ; a reciprocal relation between 
the osmotic pressure and the viscosity of gelatine solutions; the stabihtv of 
protein solutions; colloidal substances, colloidal state, and colloidal behavior. 
Loeb considers the case of a protein salt separated from distilled water by a 
collodion membrane as a case of a Donnan equilibrium; and he proceeds to 
calculate this type of potential difference under all sorts of varying conditions. 
It must be admitted that he does a good job, the agreement being quite remark- 
able. The Donnan equilibrium accounts, p. 177, “not only qualitatively, but 
almost quantitatively for the valency effect of the anion with which the gelatin 
is in combination and for the effect of the pH.” 

On p. 189 we read that “Procter (1914) and Procter and Wilson (1916) 
applied Donnan’s equilibrium theory to the explanation of the swelling of gelatin 
in acid. According to these authors, the force which causes the entrance 
of water and hence the increase of volume in a solid block of gelatin in acid is 
osmotic, and the opposing force which limits the swelling is the force of cohesion 
between the gelatin molecules or ions constituting the framework inside of which 
the water is occluded. These cohesive forces thereby play the same role in the 
swelling equilibrium as does the hydrostatic pressure on the membrane in the 
experiments on osmotic pressure. The protein ions constituting a jelly of gelatin 
chloride cannot diffuse and hence, according to Procter and Wilson, can exercise 
no appreciable osmotic pressure, while the chlorine anions in combination with 
them are retained in the jelly by the electrostatic attraction of the gelatin ion 
but exert osmotic pressure. This difference in the diffusibility of the two opposite 
ions of the gelatine chloride gives rise to the condition leading to the establish- 
ment of Donnan’s membrane equilibrium. It is immaterial for this equilibrium 
whether the diffusion of dissolved protein ions is prevented by a collodion mem- 
brane, or whether it is prevented by the forces of cohesion between the gelatine 
ions of a solid gel.” 

A solid framework of gelatin ions in which water is occluded is not the 
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classical physical chemistry which some of us studied. Some difficulties occur 
also with the study of viscosity, p. 196. After raising the question of how the 
Donnan equilibrium can be applied to the protein solutions, Ivoeb says that 
*'the answer lies in the fact that although protein solutions may be and probably 
are as a rule true solutions, consisting of isolated protein ions and molecules 
distributed equally through the water, they contain under certain conditions 
submicroscopic solid particles of protein.*' Solid particles, even though sub- 
microscopic, sound like a suspension and the admission is more significant be- 
cause Loeb has never given any proof that protein solutions are ever true solu- 
tions. 

On p. 284 Loeb says that “the problems of gel formation or of precipi- 
tation are not colloidal problems, they are a part of the more general problem 
of solubility. These problems enter only in a secondary way into the problem 
of colloidal behavior, since the phenomena of aggregation are only a means of 
preventing the diffusion of an ion, thereby creating the conditions for the estab- 
lishment of a Donnan equilibrium “ This may be true; but the reviewer would 
have been interested in some phase rule proof of the existence of gelatine chloride 
for instance. If the chemistry of protein solutions is merely the orthodox chem- 
istry of hydrolyzed salts, it is a pity not to have shown the existence of these 
salts by the orthodox methods, merely as a guarantee of good faith. 

Going back to the preface, p. vi, we read that '‘any rival theory which 
is intended to replace the Donnan theory must be able to accomplish at least 
as much as the Donnan theory, i. e., it must give a quantitative, mathematical, 
and rationalistic explanation of the curves expressing the influence of hydrogen 
ion concentration, valency of ions, and concentration of electrolytes on colloidal 
behavior and it must explain these curves not for one property alone but for 
all the properties, electrical charges, osmotic pressure, swelling, viscosity, and 
stability of solution, since all these properties are affected by electrolytes in a 
similar way.” 

Here Loeb is on firm ground He has done a great deal of careful experi- 
mental work; he has developed a plausible theory for his results; and he has 
been able to calculate many of his results with what seems to be an entirely 
satisfactory degree of accuracy. Anybody who wishes to overthrow Loeb's 
theory must utilize Loeb’s data at least as well as Loeb has done. Whether Loeb 
is right or wrong — and the reviewer believes him wrong — he has made out a 
good case and those of us who disagree with him have not made out any case as 
yet. Even in the moment of triumph, however, the other man's point of view 
is ignored. It has apparently never occured to Loeb that undissolved gelatine 
with adsorbed hydrogen ion will also give rise to a Donnan equilibrium. Though 
Loeb’s theory is based on the Donnan equilibrium the latter is independent of 
Loeb's theory. The attack will be on the latter and not on the former. This 
probably means that all of Loeb’s tables will be taken over bodily by his ad- 
versary. Throughout the whole book Loeb has overlooked the fundamental 
principle of research that it is not sufficient to show that a given theory will 
account for the facts. It is also necessary to show that no other theory will 
account for the facts. Of course nobody ever really does this; but it will be 
rather pathetic if it turns out that Loeb has furnished most of the data necessary 
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to overthrow his own views Until that time comes, however, Uoeb's presenta- 
tion will probably convince all those who are open to conviction. 

Wilder D. Bancroft 

A Comprehensive Treatise on Inorganic and Theoretical Chemistry. Vol. 
II. By J. W. Mellor. 24 X J6 cm; pp. vii + 8g4. New York and London: 
Longmans, Green and Co., IQ22. Price: $20.00. — There are only four chapters 
in the second volume; but they are rather important ones, being entitled; the 
halogens ; the compounds of the halogens with hydrogen ; the oxides and oxyacids 
of chlorine, bromine, and iodine; the alkali metals. The book is a reservoir of 
interesting facts. “Marine animals and plants assimilate iodine from sea water. 
It appears strange that the marine algae should select iodine from sea water and 
practically leave the bromine which is present in much larger proportions,*' 
p 17 “According to Gautier, iodine must be a constituent of the chlorophyll 
or reserve protoplasm of plants because plants containing chlorophyll contain 
more than the algae and fungi which are free from chlorophyll,” p 18. 

“Weldon’s improved process is founded on the fact that the freshly pre- 
cipitated manganese hydroxide, suspended in a solution of calcium chloride, is 
easily converted into the dioxide when an excess of lime is present Many of 
the older processes recovered manganese dioxide by the action of a current of air 
upon the manganese hydroxide precipitated by lime; but the oxidation is so 
slow as to be useless in practice, and even then only about half is converted into 
the peroxide, for the oxidation seems to stop when the manganese is oxidized to 
the sesquioxide, Mn-iC.^. In Weldon’s recovery process it is the excess of lime 
which led to commercial success, for there is a complete conversion to the dioxide 
in less than one-tenth of the time required for maximum conversion when there 
is no excess of lime,” p. 28 

“The saturated vapour of iodine, in a layer 0 I metre thick, is opaque to 
daylight or to candle-light ; the vapour appears at the edges to be blue by trans- 
mitted light, black by reflected light, and, according to Schonbein, it appears to 
be the blacker the higher the temperature, owing to an increasing absorptive power 
for light Sellak says that a thin layer of solid or molten iodine transmits only 
the rays in the extreme red The fine purple colour of iodine vapour is due to 
its transmitting freely the blue and red rays of the spectrum, while it absorbs 
nearly all the green; but if the iodine vapour is in thick layers it absorbs the red 
rays, and the transmitted light is purely blue. A solution of iodine in carbon 
disulphide exhibits the same phenomena, since it appears blue or purple accord- 
ing to its density. The alcoholic solution does not show this phenomenon,” p .58 

“Faraday found that liquid iodine chloride can be electrolyzed, the iodine 
collecting at the cathode, the chlorine at the anode. According to the ionic 
hypothesis, this means that iodine chloride is partly ionized, ICl — T -f CF, 
that is, iodine monochloride is a compound of the action. T; with the anion. Cl'. 
This also corresponds with the chemical behavior of this compound and with 
Walden’s experiments on the electrical conductivity of solutions of iodine mono- 
chloride in inorganic solvents — liquid sulphur dioxide, arsenic trichloride, and 
sulphuryl chloride,” p. 119. The behavior of hydrofluoric acid is explained on 
the asvsumption, p. 183, that the molecule is HF and that the ions are, to some 
extent, H’ and HF 2 '. One would like to know why glass etches opaque and 
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dull with hydrofluoric acid gas, and shining and transparent with an aqueous 
solution, p. 135. 

On. p. 143 the author commits himself to the doctrine, that a catalytic 
agent cannot displace equilibrium ; but, as usual, he is considering only the cases 
in which equilibrium is reached in finite time and in which the catalytic agent 
does not act as a solvent, two very important limitations. When discussing false 
equilibria, p. 161, no reference is made to a possible poisoning of the catalytic 
agent though that is the only case, so far as we now know, in which we really get 
false equilibria. 

“Burgess and Chapman found that the presence of ammonia — even in 
very small traces — makes chlorine particularly inert towards hydrogen in light. 
It is assumed that the ammonia is converted into nitrogen chloride by the chlor- 
ine, and that it is nitrogen chloride which is the inhibiting agent. Chapman esti- 
mates that the presence of 10 molecular parts of nitrogen chloride makes a 
sensitive mixture of hydrogen and chlorine a hundred times less sensitive than 
when the inhibiting agent is absent. He further found that oxygen, nitric oxide, 
chlorine peroxide, nitrosyl chloride, nitrogen peroxide, and ozone act as inhibi- 
tors. The mixture is indifferent to the presence of carbon dioxide, nitrogen, and 
reducing substances generally. Hence Chapman says that the so-called in- 
duction period is caused by the presence in the gas of a powerful inhibitive impur- 
ity — nitrogen chloride — ^which must be removed completely from the gases before 
the chlorine and hydrogen can interact. Further, Chapman and co-workers 
have made the interesting and important observation that if the chlorine gas 
be freed from traces of certain impurities, present in the ordinary distilled water 
of laboratories, there is virtually no period of induction. It is assumed that an 
exceedingly minute trace of some impurity suffices to retard or inhibit the reac- 
tion, and that the delay in the so-called period of induction is really due to the 
time required to destroy this impurity before the hydrogen and chlorine gases 
can unite directly. This conclusion was confirmed by Bodenstein and Dux,” 
p. 151. 

According to Luther and Goldberg, the photochlorination of hydrocar- 
bons is inhibited by oxygen, and Goldberg suggests that oxygen acts as a spe- 
cific poison to chlorine in photolytic changes. The desensitizing action of oxygen 
has also been noted in other photolytic reactions — e. g., mercuric chloride and 
oxalic acid, the silver halides, etc. In Bodenstein’s first hypothesis the retard- 
ing effect of oxygen is explained by assuming that the electrons are partially 
consumed in activating the oxygen to form ozone which in turn reforms oxygen ; 
in his second hypothesis the newly formed molecules of hydrogen chloride com- 
municate part of their vibratory energy to oxygen molecules instead of to the 
reacting gases,” p. 159. 

“Bagster and Steele found that dry solutions of hydrogen bromide in li- 
quid sulphur dioxide are practically non-conducting; but the addition of water 
gave conducting solutions which gave off hydrogen at the cathode and bromine 
at the anode, while water was carried from anode to cathode and deposited 
there. It was assumed that the water and hydrogen bromide form an oxonium 
comi)ound which was electrolytic in character. It was shown that if a simple 
hydrate is formed, the deposit of water at the cathode must be due to the loss of 
hydrogen bromide holding it in solution. Bagster and Cooling have shown that 
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this hypothesis is untenable because no like deposit of water appears at the anode. 

They further showed that the reaction is probably: H2O -f HBr = ^ 

VL/ \Br' 

The oxonium compound then ionizes HjO Br = H3O* -+• Br' and the HgO ion 
loses its charge at the cathode during electrolysis and forms hydrogen and water/' 
p. 180. This raises the question whether we have the ion HaO’ in aqueous solu- 
tions. 


The work of Parsons on the solvent action of potassium iodide on iodine 
is mentioned, p. 233; the war work on the production of fluorine is given, p. 9 ; 
and Weiser’s work on flame spectra is included, p. 464; but Liebreich's work on 
dead spaces is given, p. 312, as though it had not since been disproved. There is 
a very good discussion of the constitution of bleaching powder, pp. 258-265, 
which shows how unsatisfactory the state of our knowledge still is. The re- 
viewer was interested in the paragraph on the interaction of sulphuric and hydro- 
bromic acids, p. 204, because of its bearing on the preparation of ethyl bromide. 
The discussion of the colors of compounds, pp. 221-223, also appealed to the 
reviewer. Data for the colors of the alkali metals are given on p. 452, and it 
may be worth noting that solid ammonium bromoiodide [?] NH4lBr2, is a lustrous 
green powder — blood-red in transmitted light and green in reflected light, p 595. 
Since this compound can be formed by the interaction of an ethereal solution 
of iodine bromide on ammonium bromide, it seems probable that the formula 
should be written NH4Br.IBr. 

When a fitsed mixture of sodium and potassium chlorides is powdered and 
kept at about 200° the properties of the mass become those of a mixture. Tf a 
molten mixture of the two salts is cooled rapidly, no eutectic can be found and 
the cooling curve gives a singularity between 320° and 406°. It is believed that 
the two chlorides form a continuous series of solid solutions which breaks down 
at about 400°, p, 537. 

On p. 764 the author says that "'the constancy of the vapor pressures of 
sodium hydrocarbonate noted by Lescoeur does not necessarily prove that no 
trona, Na2C03 NaHC03.2H20, is formed, 5 NaHCOj = Na2C03.NaHC03 2H2O 
4-Na2C08 4- 2CO2, because, according to the phase rule, a system with four 
phases and three components is tervariant [?], so that all combinations between 
NaHCOs and Na2CO3.NaHCO8.2H2O, must exercise the same pressure There 
is a misprint here somewhere. 

*‘The origin of the nitre beds is not known. It is generally agreed that 
the nitrogen is of organic origin — animal or vegetable. Since immense deposits 
of guano have been found on some of the islands off the coast of Peru — e g , the 
Chincha Islands — it has been suggested that the nitrogen is derived from the 
guano. If so, it is not clear where the phosphates have gone, since there is prac- 
tically no calcium phosphate in the nitre beds. Of course the soluble nitrates 
may have been leached from decayed guano in some other locality and deposited 
in their present form. The origin of the deposits has not been solved satisfac- 
torily. The most generally accepted explanation is that the beds have resulted 
from the decay of enormous quantities of organic matter which probably accu- 
mulated in a narrow lagoon of water. This deposit was afterwards elevated by 
movements of the earth. The geologists claim to recognize the remains of sea- 
weed in some of the nitre beds,” p, 807. 
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In view of the discussion in regard to chemical warfare, it is interesting 
to note, p. 825, that in 1658 Glauber said: ''Of the mischievous composition and 
diabolical abuse of gunpowder much might be written; but because the present 
world taketh delight only in shedding innocent blood, and cannot endure that 
unrighteous things should be reproved, and good things praised, therefore it is 
best to be silent." Wilder D. Bancroft 

Laboratory Manual of Elementary Colloid Chemistry. By Emil Hatschek. 
IQ X 13 cm; pp. 135. Philadelphia: P. Blaktston's Son and Co., igzo. Price: 
$2.00. — “Although most of the existing text-books of Colloid Chemistry neces- 
sarily give, in more or less detail, descriptions of experimental procedure and in- 
structions for making many of the classical preparations, no laboratory manual 
or collection of practical exercises, such as has been found indispensable in the 
teaching of other branches of chemistry, has so far appeared. The lack of such 
a work is all the more likely to check the spread of a practical knowledge of the 
discipline, as many of the methods and materials of colloid chemistry are peculiar, 
and strange even to students well trained in inorganic and organic chemistry. 

“The present work is an attempt to fill this gap and to supply accurate 
and very detailed directions for carrying out the fundamental operations, for 
making a number of representative preparations, and for examining them by 
the standard methods These are based throughout on personal experience of 
the processes described and of the difificulties experienced in teaching them. 
The examples chosen arc, generally speaking, the simplest ones and, where 
alternatives are possible, those involving the smallest expenditure in apparatus 
and material. The task of selection has not been easy, and the attempt to de- 
limit the elementary region of the whole domain may seem premature or arbi- 
trary; the guiding principle has been to provide for the wants of those students of 
numerous branches of science who are finding some training in colloid chemistry 
an indispensable part of their equipment, and are able to devote a limited time 
only to acquiring its technique.” 

The chapters are entitled : general remarks on apparatus, materials, and 
procedure; dialysis, suspensoid sols, suspensions; organosols; emulsoid sols 
and gels; egg albumin sol, emulsions; ultra-filtration; optical methods of ex- 
amination; cataphoresis; electrolyte precipitation of suspensoid sols; mutual 
precipitation of suspensoid sols; protection; viscosity measurements; adsorp- 
tion (qualitative experiments); ' capillary analysis; determination of an ad- 
sorption isotherm; the Liesegang phenomenon. 

This seems to be a helpful little book, though there are several points which 
might well be changed in .subsequent editions. It is hardly the thing to speak 
of pure oil- water emulsions, p. 63, when one is adding alcohol or acetone. The 
reviewer does not believe that emulsions made with soap necessarily cream, p. 
65; nor is it necessary to have the oil the same density as the dispersing phase 
in order to prevent separation. The author has been working with too coarse 
emulsions. There are no experiments to show the two types of emulsions. It 
is rather stretching the facts to say, p. 94, that “sols in which the disperse phases 
carry opposite charges precipitate each other when mixed in definite ratios, while 
no precipitation occurs if an excess of either sol is present.” 

The reviewer does not like to see the adsorption of positively charged 
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Night Blue or ferric oxide by silver sand described as adsorption due to neutrali- 
zation of electric charges, p 110; because the sand is not present as a sol. While 
the classification can be justified after a fashion, it is one that will bother the stu» 
dent and will do more harm than good. The reviewer would have liked to have 
seen some experiments on the effect of hydrogen ion on the adsorption of dyes. 
Experiments with wool would have been much better than the one with silver 
sand It should have been possible to devise a much better experiment on selec- 
tive adsorption than the one given on p. 110 A substantive and an acid dye 
with cotton would have been good and another type would have been either one 
of these with wool and cotton. Wilder D, Bancroft 

The Theory of General Relativity and Gravitation. By Ludwik Silber stein. 
22 X IS ^ 6 -f 141 . New York: D. Van Nostrand Company, ig 22 Price: 

$ 2.00 - This book is based on nine lectures given by the author in Toronto la.st 
year The first chapter takes up special relativity and gives the foundations of 
general relativity and gravitation theory. In the second chapter we find the 
general relativity principle: minimal lines and geodesics; Newton’s equations 
of motion as an approximation. The third chapter deals with the elements of 
tensor algebra and analysis In the preface the author .says that in this chapter 
'Varc has been taken to give the readers a systematic expo.sition of the calculus 
of generally covariant beings called Tensors. The exposition follows here mainly 
upon ICinstein’s own presentation of the subiect with the difference, however, 
that due emphasis has been laid upon the distinction between metrical and non- 
metrical properties of tensors. But even in this chapter technicalities have been 
avoided, stress being laid upon the gunling principles of this new, or rather newly 
revived, and most powerful mathematical method. It seems hard to say whether 
Kimstein’s admirable theory has or has not a long life before it in the domain of 
Physics proper But, independently of its fate, the time applied for studying 
the Tensor Calculus and acquiring some skill in handling it will be well spent.” 

'flic fourth chapter takes up the gravitational field-equations and the 
tensor of matter, while we find, in the fifth chapter, a discussion of radially sym- 
metric fields, perihelion motion, bending of rays, and spectrum shift. The head- 
ing of the sixth chapter — omitted in the table of contents — is electromagnetic 
equations In an appendix have been placed “such matter as seemed for the 
present too speculative and controversial; and also some points concerning the 
curvature properties of a manifold” as preparatory to Einstein's cosmological 
speculations. The subdivisions in the appendix are. manifolds of constant 
curvature; Einstein’s new field -equations and elliptic space, space-time ac- 
cording to de Sitter, gravitational fields and electrons. 

The lay reader will be interested in the paragraph on p, 09. “Einstein's 
formula for the secular motion of the perihelion of a planet, undisturbed by other 
planets, per period of revolution gives for Mercury, per century, 43'' or 43.1", 
coinciding most remarkably with the famous excess of perihelion motion of that 
planet unaccounted for by the perturbations due to the other members of the solar 
family of celestial bodies. Although the rival explanation ba.sed on perturbing 
zodiacal matter, due to Seeliger — Newcomb (taken up more recently by Harold 
Jeffreys), cannot be considered as ultimately discarded, this is certainly a most 
conspicuous achievement, perhaps the greatest triumph of Einstein’s theory. 
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yielding the required excess without the aid of any new empirical constant in 
addition to the light velocity and the gravitation constant. As to the remaining 
planets, Einstein^s formula gives for them secular perihelion motions too small to 
be either contradicted or confirmed by observation in the present state of the as- 
tronomer’s knowledge. In fact, the only other serious anomaly unaccoimted for 
newtonian celestial mechanics (unless Seeliger’s theory is accepted) is the ex- 
cessive motion of the nodes of Venus: but with this Einstein’s theory is essen- 
tially powerless to deal, since it yields for a radially symmetric centre of course, 
rigorously plane orbits. But even the outstanding node motion of Venus is gen- 
erally felt to be much less important than Mercury’s perihelion motion yielded 
so naturally by Einstein’s theory of gravitation.” In a foot-note the author adds 
that a more thorough analysis shows that the perihelion motion ”is the only 
secular perturbation, the eccentricity, the period, and the remaining elements of 
planetary motion being unaffected by the deviation of Einstein’s theory from 
that of classical celestial mechanics.” 

On p. 104 the author says that, from the experiments at Mount Wilson 
and elsewhere, ”it would be premature to either assert or deny the existence of 
the gravitational spectrum shift. 

“Einstein himself has, on more than one occasion, expressed the very 
radical opinion that, should the shift be absent, the whole theory should l>e aban- 
doned. Yet, in view of the hypothetical nature of the sameness of atoms in the 
explained sense of the work, such an attitude, though personally intelligible, is 
by no means necessary. It is true that the invariability of an atomic 5-period 
of vibration in a gravitational field can, with the aid of the equivalence hypoth- 
esis, be reduced to its invariability while the atom is being moved about, — a 
property of atoms as 'natural clocks’ already utilised in special relativity. Yet 
we do not know whether the atoms actually possess even the latter property. 
Thus, Einstein's intransient attitude proves only the strength of his belief that 
the atoms are or will turn out to t>e such natural, ideal clocks. But, after all, 
this is only a guess. A very reasonable one to be sure ; for if not among the atoms, 
then there is indeed but little hope to find such clocks among other ‘mechanisms,’ 
natural or artificial. 

“At any rate, a final astrophysical verification of Einstein’s spectrum- 
shift formula, supported perhaps by repeated experiments on canal rays, would 
be an achievement of fundamental importance. Xhitil then ‘the natural clock’ 
will remain a purely abstract concept.” 

There is something fascinating, though unintelligible to the reviewer, 
about the following sentences, pp. 20, 79, 80. “The physical significance of these 
world-lines is that the former represent propagation of light in vacuo, and the 
latter the motion of a free particle. “Notice that G, as defined by (63), is the 
invariant of the curvature tensor This invariant, or rather one-sixth of 
it is called the mean curvature of the world, at the world-point in question .... 
For a certain special world, to be treated later on, G will be proved explicitly to 
be six times the smallest value of the (constant and isotropic) curvature of three- 
space which it is possible to choose as a section of that four world.” **The mean 
curvature of the world is thus proportional to the density of matter.” 

Wilder D. Bancroft 
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Visual Illusions and their Applications. By M. Luckiesh. 23 X 16 cm; 
pp, ix + 232, New York: D, Van Nostrand Company, IQ22, Price: $3.00 . — 
The chapters are entitled: introduction; the eye; vision; some types of geometri- 
cal illusions; equivocal figures; the influence of angles; illusions of depth and of 
distance; irradiation and brightness-contrast; color; lighting; nature; painting 
and decoration; architecture; mirror magic; camouflage. 

On p. 160 the author says that ‘'when the beam of light from a powerful 
searchlight is directed into space, its path is visible owing to the scattering of 
some of the light by dust and moisture particles and the molecules of the air 
itself. While obviously the beam itself must go on indefinitely, its luminous 
path appears to end abruptly at no very great distance from the source.” The 
reviewer does not see how the path of the beam can extend “practically to in- 
finity” as the author assumes. Since light is being scattered at every point on 
the path, the beam must be getting fainter all the time. The reviewer is also 
sceptical about the statement that the beam “appears to be sharply cut off for 
the same reason that the boundary between earth and sky in a flat landscape is 
a sharp line ” One important factor must be the angle at which the light is 
scattered 

On p 178 the author says: “Arctic mirages arc no less wonderful than 
those of the hot barren deserts. While traveling along over the ice and snow, 
distant peaks may assume the most fantastic shapes. At first they may appear 
flattened like a table-land and then suddenly they may stretch upward like spires. 
They may shrink then spread like huge mushrooms supported by the stalk-like 
bases and stretching out laterally. Suddenly they may shoot upward into an- 
other series of pinnacles as if another range had suddenly arisen. Such antics 
may go on for hours as one travels along a frozen valley ” 

On the same page is the interesting fact that the shadow cast by an aero- 
plane upon the clouds below may give color effects similar to those of the Spectre 
of the Brocken. This, of course, is not an illusion. While the range of bright- 
ness in a painter’s palette is only about thirty to one, the range in a lantern slide 
may be a thou.sand to one, p. 186. Another interesting fact, though one for 
which the author gives no explanation, is that when a yellow cellulose nitrate 
solution is sprayed over a nickel surface in such a manner as to leave the medium 
rough or diffusing, the effect is no longer merely a yellow; but a remarkable 
lustre resembling gilt, p. 188, Quite extraordinary is the apparent distortion 
of a picture frame when the grain of the wood is conspicuously visible,*p, 190. 

While yellow and blue pigments give a green when mixed, yellow and blue 
patches blend to a neutral gray if properly balanced, p. 216. The author states 
that this will be simple to those who are familiar with the science of light and 
color though the artist would expect this blend to make green. The reviewer 
confesses to being one of the ignorant ones. The mixing of the blue and yellow 
pigments is usually said to give green because both pigments contain green; 
but it is not clear why the green should not be just as conspicuous when the same 
pigments are blended and not mixed. Incidentally the reviewer wishes that the 
author had explained why red and white blend to give gold. 

On p. 240 the author tells us that there is an earth haze consisting chiefly 
of dust and smoke which usually extends to an altitude of about one mile. Its 
upper limit is very distinct, as seen by the "false” horizon. This horizon is used 
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more by the pilot when flying at certain altitudes than the true horizon. When 
above the earth haze, the sky is much less bright. In some extreme cases the 
sky was found to be only one-tenth as bright when observed at high altitudes of 
15,000 to 20,000 feet as when seen from the earth’s surface. At 20,000 feet the 
sky was found to contribute as little as four percent of the total light on a hori- 
zontal plane, p. 241 . 

While there are a great many interesting things in this book, it was rather 
a disappointment as a whole to the reviewer, perhaps because he had set his 
expectations too high. On p. 141, for instance, is the familiar statement that 
an effect of lustre is obtained if one combines two stereoscopic pictures in black 
and white with the black and white reversed in one of them. In a book on Illu- 
sions, one would rather like to find some suggestion as to the reason for this. 
The reviewer hoped also to find some statement why transparent oil films on an 
asphalt pavement look metallic. Although the author was Chairman of the 
Committee on Camouflage of the National Research Council during the war, 
p. 234, there is very little that is new in the chapter on camouflage. The original 
plan was apparently to have the whole book lead up to the chapter on camouflage ; 
but somewhere something went wrong. The book is well worth reading, however, 
though it is distinctly not on the same plane as the author’s other books. 

Wilder D. Bancroft 

Chemical Reactions and their Equations. By Ingo W. D. Hackh. i 8 X 
12 cm; pp. via -f- 138 . Philadelphia: P. Blakiston's Son and Co., 1021 . Price 
$i, 7 S > — In the preface the author .says that “the inability to balance a chemical 
equation is a most common difficulty of students of chemistry. The writer, 
when teaching a large university actually encountered graduate students of 
chemistry who were unable to balance an incomplete ionic equation that involved 
oxidation and reduction.’’ This concise volume was written in order to supply 
students with necessary material and to expound the general principles of balanc- 
ing equations. 

Never having tried to balance “an incomplete ionic equation that in- 
volved oxidation and reduction,’’ the reviewer does not know whether he could 
do it or not; but he remembers distinctly Lash Miller’s balancing one reaction 
by a draft on the imagination. The reviewer fears that a graduate who cannot 
balance an equation may not be equal to understanding the book. 

^ Wilder D. Bancroft 

L’^uilibre des substances het^rogdnes. By J. Willard Gibbs Trans- 
lated by Georges Matisse, ig X 12 cm; pp. viii -f 100 . Paris: Gauthier- Villars 
et Cie., I gig. Price: $ 3.50 francs. — In 1878 Willard Gibbs published in the 
American Journal of Science what he called an abstract of his large paper which 
appeared the year before in the Transactions of the Connecticut Academy. This 
has now been translated into French by M. Matisse who has added fifty-eight 
pages of notes to the forty-one pages of text. Even with this help people will 
find the text hard reading. One is inclined to suspect that the translator felt the 
same way, because he has not dug out of the text anything new and yet one is 
quite certain that there must be treasures in the text which will be discovered 
independently. Wilder D. Bancroft 



COAGULATION OF MANGANESE DIOXIDE SOL BY 
DIFFERENT ELECTROLYTES 

BY PHANI BHUSAN GANGULY AND N. R. DHAR 

Intpoduction 

The relations between the valency of ions and their 
coagulative powers, have formed the subject of a large number 
of investigations for a long time. Experiments on these 
lines led to the generalization known as the Schulze-Hardy 
Law, viz., the higher the valency of an ion, the greater is its pre- 
cipitating action. The researches of Linder and Picton' 
on colloidal arsenious sulphide lent powerful corroboration to 
this law. 

Later investigations in this direction show that the law 
is not followed by many colloidal solutions. Though the 
values obtained by Linder and Picton show a close agreement 
with the rule of valency, they are by no means completely free 
from discrepancies. Bancroft,- after a critical survey of the 
researches of various investigators, has come to the con- 
clusion that the Schulze-Hardy Law is at best only a first ap- 
proximation and should be used only as a guide. Wo. Ostwald* 
also does not believe in the Schulze-Hardy Law. 

In the following experiments the coagulative powers of 
different electrolytes on manganese dioxide sol have been de- 
termined with a view to test the applicability of the rule of 
valency to this colloid. The variations of the coagulative 
powers with change of concentration of the sol are so marked 
that no conclusion can be drawn as to the applicability of the 
Schulze-Hardy Law by a comparison of the coagulative powers 
of electrolj’tes unless the concentration of the colloid is taken 
into consideration. If we neglect the influence of concentra- 
tion of the colloid, there seems to be no common standard by 

‘ Jour. Chem. Soc., 67, 63 (1895). 

“ Second Report on Colloid Chemistry, British Association, 1918, 8. 

’ See Zeit. Kolloidchemie, 26, 28, 69 (1920). 
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which to compare the precipitating powers of different elec- 
trolytes. The variations of the coagulative powers of different 
electrolytes with variation in the concentration of the sol, 
have also been studied and curves have been plotted showing 
the relations between the concentrations of the sol and the 
coagulative powers. 

Preparation of the Sol 

The preparation of a sol of manganese dioxide completely 
free from electrolytes is a matter of great difficulty. Gorgeu* 
and also Spring* and De Boeck* obtained colloidal manganese 
dioxide by washing a freshly precipitated sample with conduc- 
tivity water. Although the above process might be capable of 
yielding a small quantity of the colloid, it can never be used for 
the preparation of any large amount, because manganese di- 
oxide has been found to show quite a considerable percentage 
of adsorption of metallic ions and it has been found extremely 
difficult to wash away all traces of the adsorbed ions. 

The most suitable means for the preparation of the 
colloid is the reduction of potassium permanganate by suit- 
able reducing agents. Deiss* used sodium arsenite but a 
rapid and convenient method seems to be the reduction of 
potassium permanganate by an equivalent solution of manga- 
nous sulphate. The reaction takes place in the following 
manner: 2 KMn 04 + 3 MnSOi + 7 H 2 O = 2 KHSO 4 + 5 Mn 02 
+ H 2 SO 4 + 5 H 2 O. In dilute solutions the manganese 
dioxide separates out in a colloidal form, which, however, 
coagulates if kept for a long time. If, however, a stabilizer 
like gelatine be used, a fairly stable colloidal solution can be 
obtained which keeps unprecipitated for a sufficiently long 
time and is quite satisfactory for all practical purposes. It 
contains, however, sulphuric acid and potassium sulphate. 
Sulphuric acid has been found to have no marked coagulative 
effect. Attempts were made to remove the electrolytes by 

‘ Ann. Chim. Phys., (3) 66, 155 (1862). 

* BuU. Soc. chim. Paris. (2) 48, 170 (1887). 

» Zeit. Kolloidchemie, 6, 69 (1910). 
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dialysis, but the sol was found to be precipitated on the parch- 
ment of the dialyzer and even when coagulation was checked 
by the addition of larger quantities of the stabilizer (gelatine 
solution) the sol after dialysis was rendered more unstable than 
before dialysis. 

500 cc of a N /60 solution of potassium permanganate was 
taken in a beaker. 500 cc of a solution of manganous sul- 
phate, containing 0.428 g of anhydrous manganous sulphate, 
(which is equivalent to the amount of permanganate used) 
was taken in another beaker. 6 cc of a 5% solution of gela- 
tine were added to each of the two solutions, which were si- 
multaneously poured in thin streams into a larger beaker. 
A reddish brown sol was obtained which contained 0.725 g of 
manganese dioxide per litre. The charge on the sol was found 
to be negative. 

Experimental 

2 N solutions of potassium nitrate, potassium iodide, 
potassium chlorate, potassium chloride, potassium hydroxide, 
sodium citrate, sodium chloride, sodium hydroxide, ammonium 
chloride, silver nitrate, copper chloride, copper sulphate 
calcium, strontium and barium chlorides, cadmium chloride, 
cadmium nitrate, nickel chloride, nickel nitrate, nickel sul- 
phate, cobalt chloride, cobalt nitrate, cobalt sulphate, lead 
nitrate, zinc sulphate, aluminium sulphate, ferric chloride, 
potassium ferrocyanide, potassiiun ferricyanide, soda alum 
and N/3 solution of mercuric chloride were prepared. 25 cc 
of the colloidal solution were placed in clean boiling-tubes 
which were all labelled each for a particular electrolyte. 5 cc 
of each of the electrolytes were taken in clean test-tubes which 
were also labelled. The solutions of the electrolytes were 
added to the colloid, the two were rapidly but thoroughly 
mixed and the time taken for complete coagulation was noted 
in each case. These times give the order of the coagulative 
powers. The results are given in the following table : 
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Table I 


Salt 

Time, 

mins. 

Salt 

Time, 

mins. 

Salt 

Time, 

mins. 

KNOs 

30 

CUSO4 

95 

C0SO4 

>300 

KI 

20 

CaCl* 

73 

PbCNOs), 

49 

KCIO3 

33 

SrClj 

105 

ZnS 04 

80 

KCl 

70 

BaCl2 

>300 

HgCU 

>300 

KOH 

3 

CdCl2 

85 

Soda alum 

232 

NaCit 

28 

Cd(N03)2 

82 

Al2(S04)3 

>300 

NaCl 

45 

NiCh 

>300 

FeCls 

>300 

NaOH 

3 

Ni(N03)3 

>300 

KjFeCCN)* 

55 

NH4CI 

108 

NiSOi 

150 

KiFeCCN), 

28 

AgNOs 

59 

C0CI2 

>300 



CuCl. 

90 

Co(N03)2 

142 




From the above table the following order for coagulative 
powers is obtained : 

KOH, NaOH > KI > K4Fe(CN)«, NaCit > KN03 > KCIO3 

> NaCl > PbfNOa)! > K,Fe(CN)a > AgNOj > KCl > CaCls > 
ZnSOa > Cd(N 03)2 > CdCh > CuCh > CUSO 4 > SrCU > NH 4 CI 

> Co(N 03)2 > NiS 04 > Soda Alum > BaCh, HgCh, NiCla, CoCU, 
FeCh, Ni(N 03 ) 2 , Al 2 (S 04 ) 3 . 

The above procedure only gives in a qualitative way 
the order of the coagulative powers. To get the values 
of the coagulative powers, the minimal quantity of elec- 
trolyte necessary for complete coagulation of a fixed vol- 
ume of the sol in two hours was determined in every case. 
The titration method for determination of the coagulative 
powers was not suitable in this case, because it was found that 
after the addition of a certain amount of electrolyte, the sol 
became so unstable that complete coagulation could always 
be brought about by mere shaking and consequently it was not 
possible to get a sharp end-point. The minimal quantity of 
electrol)d;e necessary for complete coagulation of 25 cc of the 
sol in two hours, was determined as the result of several 
trial experiments. We have taken the coagulative powers 
as the inverse of the number of gram-mols of electrolyte per 
litre of the mixture. 

The following results were obtained. 
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Table II 

Strength of sol = 0.725 g of Mn02 per litre (A) 
Weight of gelatine added = 0.36 g per litre 
Temp. = 30° C 


Salt 

Vol. added, 
cc 

Time for complete 
coagulation, 
mins 

KOH 

0.1 

108 

KNO* 

1.8 

112 

KI 

0.3 

109 

KClOa 

2.8 

114 

KCI 

2.8 

112 

K2S(.)4(N) 

3.2 

119 

NaCit 

2.7 

115 

NaCl 

2.5 

. 113 

NaOH 

0.08 

87 

NH4CI 

4.2 

117 

AgNOs 

3.9 

114 

CuCls 

— 

— 

CuvS04 

6.0 

107 

CaCls 

2.9 

112 

SrCIo 

8.6 

121 

BaClo 

12.7 

124 

CdClo 

5.2 

112 

Cd(N03)2 

5.0 

115 

NiS04 

12 0 

116 

NiCNOOa 

10.5 

117 

C0CI2 

15.0 

Insufficient 

Co(N()a)2 

10.2 

123 

Pb(N03)2 

2.9 

125 

ZnS04 

4.0 

111 

HgC]2(N/3) 

14.0 

127 

Soda alum 

6.5 

130 

Al2(S04)3 

10.0 

133 

FeCl, 

15.0 

Insufficient 

K4Fe(CN)« 

0.6 

124 

KsFefCN)* 

2.2 

116 


Coagulative power 


130 

7.5 
44 

5 

5 

17.9 

5.2 

5.5 
170 

3.5 
3 7 

9.3 
18.7 

S 

5.9 

11.6 

12 

6.1 

O.S 


5 

19. 

14. 


10.5 

170.7 

37.2 


(M »0 I 
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Discussion of Results 

An examination of Table II gives the following order for 
the coagulative powers of different cations on manganese 
dioxide sol: 

K 4 Fe(CN)e, NaOH > KOH > KI > K,Fe(CN)» >' Pb(NO,)j 

> CaCU > KsSO > HgCl* > Soda Alum, ZnS 04 > Cd(NO$)* > 
CdCl, > AhCSOOs > ^SOi > SrCU > KNO, > Ni(NO,), > NiSO« 

> BaCh > NaCl > NaCit > KCl, KCIO,, Co(NO,)* > AgNO, > 

NH4CI. 

From the above results we see that monovalent potassium 
ions from potassium iodide and potassium sulphate, have 
greater coagulative powers than most of the divalent and 
trivalent ions. Potassium ion from potassium nitrate has 
also a coagulative power which is greater than those of divalent 
nickel, cobalt and barium ions. Again divalent lead, calcium 
and merciuic ions have greater coagulative powers than tri- 
valent aluminium ion. Trivalent aluminitun ion from altunin- 
ium sulphate comes in between divalent cadmium and copper 
while divalent cobalt occurs along with the monovalent ions. 
These results are quite opposed to the Schulze-Hardy Law. 

The coagulative powers of divalent lead, calcium, zinc, 
mercury (mercuric), cadmium, and copper ions are greater 
than the coagulative powers of most of the monovalent ions; 
the trivalent aluminium ion from soda alum has a greater 
coagulative power than most of the divalent ions ; and the 
greater part of the monovalent ions occur at about the end, 
and so far a tendency to follow the Schulze-Hardy Law 
is observable. But even in the above cases the differences in 
the values of the coagulative powers of trivalent and divalent 
ions is very small, trivalent aluminium ion having a value 
14.6 and the majority of the divalent ions having values 
varying from 14 to 6. 

From the experimental data of Table II, we also find that 
potassium ion from potassium nitrate has a coagulative power 
about 1.5 times greater than the coagulative powers of cobalt, 
nickel and barimn ions, a result which it is difficult to reconcile 
with the Schulze-Hardy Law. 
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The coagulative power of potassium iodide has been 
found to be about eight times greater than that of either 
nickel or cobalt. We have observed that a solution of iodine 
has a marked coagulating effect on manganese dioxide sol and 
this behavior explains partly the abnormally high coagulative 
power of potassium iodide. Manganese dioxide easily oxidizes 
the potassium iodide liberating iodine, which then exerts 
its coagulating effects. 

The chlorides of cobalt, nickel and iron (ferric) have been 
found to pos^ss low coagulative powers, being less than one- 
third the coagulative power of lead nitrate . The exact coagula- 
tive powers of the above electrolytes were not determined as the 
conditions of the experiment were greatly altered by the large 
volumes of the electrolytes required for coagulation and the 
consequent dilution of the sol. 

Manganese dioxide has been found to be a negatively 
chained colloid. Now on the addition of an electrolyte to it, 
the positive charge of the cations neutralizes the negative 
charge on the colloid particles. These discharged colloid par- 
ticles, which previously owing to their similar charges, were 
prevented from coalescing, now do so and growing in size 
get precipitated. This coalescence of discharged colloid par- 
ticles is clearly seen in the changes of colour during the gradual 
coagulation of a gold sol by electrolytes. So far, however, 
the effects of the cations only have been considered, the 
effects of the anions being altogether neglected; but in view 
of the marked differences in the coagulative powers of elec- 
trolytes having the same cation with manganese dioxide sol, the 
effects of anions cannot certainly be neglected. The anions 
tend to impart a portion of their negative charges to the dis- 
charged colloid particles before they have coalesced, and 
thus try to oppose the coagulative effects of the cation. 

Linder and Picton* have found the ratio between the coag- 
ulative powers of mono-,di-, and trivalentionstobeas 1:35: 1023, 
which values agre e well with the geometric series of Whetham,* 

* Loc. cit. 

» Phil.; Mag.. (5) 48 , 474 (1899). 
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viz., l:x:x obtained from considerations based on the theory 
of probability. With manganese dioxide sol, taking the cases 
of potassium chloride, cadmium chloride and alum, the ratio 
between the coagulative powers of mono-, di-, and trivalent 
ions comes to about 1:2:3. It might be noted here that Whet- 
ham’s law is not capable of extension to quadrivalent 
ions. 

We have found the order of the coagulative powers of po- 
tassium, copper, aluminium, thorium and uranium ions on 
colloidal arsenious sulphide to be in the ratio of 1 : 16 : GOO : 60 : 1 1 
which shows that quadrivalent ions do not follow Whetham’s 
law. Freundlich and Schucht' have also found the coagula- 
tive power of uranyl ion to be of the same order as of divalent 
calcium or strontium ions in the coagulation of arsenious sul- 
phide sol. 

From our experimental results it Avill be observed that the 
change of concentration of the sol changes markedly the order 
of the coagulative powers of the electrolytes. The orders of the 
coagulative powers as obtained from Tables II, III and IV are 
all different from one another. Thus Table II gives the order: 

K4Fe(CN)fl, NaOH > KOH > KI > K3Fe(CN)5 > Pb(NO,)2 

> CaCl? > KjSO, > HgCh > Soda Alum > ZnSOj > Cd(N03)2 > 
CdCU > Al2(S04)3 > Cu^ > SrClj > KNO, > Ni(N03)2 > NiS04 

> BaClj > NaCl > NaCit > KCl, KCIO3, Co(N03)2 > AgN02 

> NH4CI. 

while Table III gives the order: 

NaOH > K4Fe(CN)6 > KOH > KI > K3Fe(CN)6 > CUSO4 > 
HgClj > Cd(N03)2 > K2SO4 > CdCla > Ph(N03)2 > ^S04 > CaCh, 
CUCI2 > Co(N 03)2 > KNO, > NaCI, KCIO3 > NaCit > SrCU > 
BaCh > NH4CI > KCl > AgNOa 

and Table IV gives yet another order: 

K4 Fe(CN), > KOH > KI > K3Fe(CN)6 CaCU > CdCl* > 
Cd(N08)2 > CUSO4 > KNOa > HgCl2 > K3SO4 > CuClj > 
Pb(NOa)2 > ZnS04 > Soda Alum > KCIO3, KCl > NaCl > Co(NOa)2 
>SrCl!. > NaCit, NH4CI > Bad* > AgNO,. 


Zeit. phys. Chem., 80, 564 (1912). 
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From a comparison of the above three orders we see 
that while in Tables II and IV, calcium chloride occurs 7th 
and 5th, respectively, in Table III it occurs 13th, whereas 
lead nitrate which occurs 6th in Table II, occupies 11th and 
13th positions, respectively, in Tables III and IV. Similar 


Table HI 


Strength of sol = 1 . 450 g of MnOj per litre (2A) 
Weight of gelatine added = 0.72 g per litre 
Temp. = 32° C 


Salt 

Vol. added, 
cc 

Time for complete 
coagulation, 
mins 

Coagulative 

power 

KOH 

0.1 

127 

120 

KNOa 

1.2 

139 

10.9 

KI 

O.IG 

107 

88 

KClOa 

1.7 

124 

7.8 

KCl 

3.2 

121 

4.4 

KoS04(N) 

1.5 

130 

17.7 

NaCit 

l.S 

117 

7.5 

NaCl 

1.7 

115 

7.8 

NaOH 

0.08 

94 

627 

NH 4 CI 

2.5 

127 

5.5 

AgNOa 

4.4 

121 

3.3 

CuCl 2 

4.2 

12:1 

14 

CuSOi 

2.5 

115 

22 

CaCh 

4.2 

131 

14 

SrCb 

10 0 

127 

7 

BaCl, 

13.0 

124 

5.8 

CdCl.. 

3.2 

118 

17.6 

Cd(N03)2 

3.0 

112 

18.7 

NiSOj 

10.0 

Insuflicient 

— 

Ni(NO.,)2 

10.0 

Insufficient 

— 

C 0 CI 2 

10.0 

Insufficient 

— 

Co(N03)2 

4.5 

120 

13.1 

Pb(N()3)2 

3.4 

113 

16.7 

ZnSO., 

HgCl2(N/3) 

3.7 

119 

15.5 

11.0 

131 

18.8 

Soda alum 

— 

— 

— 

Al2(S04)a 

— 

— 

— 

FeCla 

15.0 

Insufficient 

— 

K4Fe(CN)6 

0.3 

117 

337 

K3Fe(CN)a 

1.5 

112 

53 
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Table IV 

Strength of sol = 0.3625 g of MnOs per litre (A/2) 
Weight of gelatine added = 0.18 g per litre 
Temp. = 31. 4*^0 


Salt 

Vol. added, 
cc 

KOH 

0.095 

KNOs 

0.4 

K1 

0.13 

KClOs 

1.0 

KCl 

1.0 

KjS^CN) 

1.2 

NaCit 

1.5 

NaCl 

1.1 

NaOH 

— 

NH 4 CI 

1.5 

AgNOa 

3.3 

CuCU 

2.9 

CUSO 4 

1.6 

CaCh 

1.0 

SrClj 

6.7 

BaCh 

10.5 

CdCU 

1.3 

Cd(N03)2 

1.5 

NiS 04 

— 

Ni(NO,)2 

10.0 

C 0 CI 2 

12.0 

Co(N 03)2 

5.5 

Pb(NOa )2 

2.8 

ZnS04 

3.0 

HgCUCN/S) 

9.5 

S(^a alum 

6.5 

AU(S04)3 

— 

FeCl, 

15.0 

K4Fe(CN)« 

0.5 

K3Fe(CN)8 

1.2 


Time for complete 
coagulation, 
mins. 

Coagulative 

power 

132 

125 

111 

32 

117 

96 

122 

13 

113 

13 

121 

20.9 

123 

8.8 

118 

12 

126 

8.8 

127 

4.3 

125 

19.2 

125 

33.2 

113 

52 

121 

9.5 

121 

6.7 

116 

40.5 

119 

35.3 

Instjfficient 



Insufficient 

— 

131 

11.1 

126 

19.1 

117 

18.9 

124 

21.5 

1.37 

14.5 

Insufficient 

........... 

121 

204 

1 123 

65.5 


fluctuations are also noticeable in the case of potassium chlor- 
ide, etc. All these show clearly the importance of the concen- 
tration of the sol on the order of the coagulative powers of 
electroljrtes. 
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The changes in the coagulative powers of ions with change 
of concentration of the sol is shown in Table V. An examina- 


Table V 

Showing Variations of Coagulative Power with Changes of Con- 
centration of the Sol 


Salt 

Concentration of 
sol * A/2 
(0.3625gofMnO2 
per litre) 

Coagulative powers 

i 

Concentration of 
sol = A 

(0.725 g of MnOj 
per litre) 

Coagulative powers 

Concentration 
of sol « 2A 
(1.450 g of 
MnOj per litre) 
Coagulative 
powers 

KOH 

125 

130 

120 

KNOs 

32 

7.5 

10.9 

KI i 

96 

44 

88 

KClOi 1 

13 

5 

7.8 

KCl I 

13 

5 

4.4 

K 2 S 04 (N) 

20.9 

17.9 

17.7 

NaCit 

8.8 

5.2 

7.5 

NaCl 

12 

5.5 

7.8 

NaOH 

— 

170 

627 

NH 4 CI 

8.8 

3.5 

5.5 

AgNOi 

4.3 . 

3.7 

3.3 

CuCb 

19.2 

— 

14 

CUSO 4 

33.2 

9.3 

22 

CaCb 

52 

18.7 

14 

SrCb 

9.5 

8 

7 

BaCb 

6.7 

5.9 

5.8 

CdCb 

40.5 

11.6 

17.6 

CdCNOs)* 

35.3 

12 

18.7 

Co(NO,), 

11.1 

5 

13.1 

PbCNOa)* 

19.1 

19.2 

16.7 

ZnS04 

18.9 

14.5 

15.5 

HgCU(N/3) 

21.5 

16.7 

18.8 

Soda alum 

14.5 

14.6 

— 

K 4 Fe(CN), 

204 

170.7 

337 

K,Fe(CN), 

65.5 

.37.2 

53 


tion of the graphs plotted from this table reveals many inter- 
esting points. 

It has been found that the coagulative powers of the 
monovalent ions, potassium, sodium and ammonitun from 
potassium iodide, sodium chloride and ammonium chloride 
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with increase of the concentration of the sol first decrease and 
then increase. To take the case of potassium iodide when the 
concentration of the sol is A/2 (i. e., contains 0.3625 g of MnO* 
per litre), the coagulative power is 96, as the concentration is 
doubled and becomes A, the coagulative power falls to 44, but 
again rises to double this value, viz., 88, as the concentration of 
the sol becomes double, viz., 2A. Potassium iodide, sodium 



chloride, ammonium chloride, and potassium nitrate, all 
behave in the same manner as potassium iodide, having a 
minimum coagulative power when the concentration of the 
sol is A. In the cases of potassium chloride, silver nitrate 
and potassium sulphate, with continual increase of the con- 
centration of the sol, the coagulative power decreases gradually. 
Fig. 1. 

Unkherji^ found that the precipitation value of sodium 
chloride increased with decreasing concentration of arsenious 

' Jour. Amer. Chem. Soc., 37, 2024 (1915;. 
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sulphide sol ; Kruyt* obtained the same relation in the case of 
potassium chloride as well. Burton^ and his coworkers as a re- 
sult of their investigations came to the generalization that for 
monovalent ions, the concentration of ion necessary for coag- 
ulation increases with decreasing concentration of the colloid. 

In the light of our results obtained with manganese 
dioxide sol, the above generalization of Burton and his cowork- 
ers does not seem to be applicable in all cases. Thus in the 
cases of potassium iodide, sodium chloride, potassium nitrate, 
etc., the coagulative power first decreases and then increases 
with continual increase of concentration of the sol, a result 
which is not in agreement with the above generalization. In 
the cases of potassium chloride, silver nitrate, and potassium 
sulphate, however, the coagulative powers increase with de- 
crease of concentration of the sol and these results agree with 
Burton’s observations. But even in the above cases the differ- 
ence in the coagulative powers is very small, the values of the 
coagulative powers in the case of silver nitrate might be 
looked upon as nearly constant with change of concentration 
of the sol. 

Among the divalent ions with increase of concentration 
of the sol, the coagulative powers of mercury, cobalt, cadmium 
and copper ions first decrease and then increase. Thus in the 
case of copper sulphate, the coagulative power falls from 32 to 
9.3 as the concentration of the sol increases from A/2 to A, Fig. 
2. On further increase of concentration of the sol from A to 
2A, the coagulative power increases from 9.3 to 22. In the 
cases of calcium, barium, strontium and lead ions, the coag- 
ulative powers decrease continually with increkse of concen- 
tration of the sol. The range through which the coagulative 
powers of strontium, barium, lead, zinc and mercuric ions 
vary with change of concentration of the sol, is not very wide. 
In fact it may be taken as nearly constant in the cases of 
barium, stontium and lead ions. The difference in the highest 

• Zeit. Kolloidchemie., 2S, 3 (1919). 

» Jour. Phys. Chem., 24, 701 (1920); 25, 517 (1921). 
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and lowest coagulative powers of barium ion is 0.9, of lead ion 
is 2.4, of strontium ion is 2.6, of zinc ion is 4.4 and mercuric 
ion is 5.2. In this respect barium and to a certain extent 
strontium and lead tend to follow the generalization of Burton 
and his coworkers, viz., the coagulative powers of divalent ions 
remain constant with change of concentration of the sol. 

With trivalent aluminitun ion as the concentration of 
the sol is doubled, there is a slight increase in the coagulative 
power of the ion. In the cases of potassiiun ferro- and ferri- 
cyanides, with increase of concentration of the sol, the coagu- 
lative power first decreases and then increases. 

Sodium and potassium hydroxides have very great 
coagulating effects on manganese dioxide sol. 

Summary and Conclusion 

The determination of the coagulative powers of different 
electrolytes on manganese dioxide sol, shows that the Schulze- 
Hardy Law is only partially applicable to this sol. 

Change of concentration of the sol markedly changes the 
order of the coagulative power of electrol)^es on this sol. 
Our work on manganese dioxide sol thus leads us to the view 
that valency is by no means the chief criterion in determining 
the activity of ions in coagulating colloidal solutions. The 
coagulative power of the ions seems more a specific property 
of the ions, than purely a function of their valency. 

The influences of the anions, the time allowed for coag- 
ulation, and the concentration of the colloidal solution have 
been found to be very marked on the coagulative powers of 
ions. 

Chemical Laboratory 
Muir Central College 

Allahabad, India 
May 4, igzs 



CATALYTIC ACTIVITY OF COPPER 


BY O. W. BROWN AND C. O. HENKE 

Introduction 

In a previous paper ‘ we have given the results of some 
studies on the catal)d;ic reduction of nitrobenzene to aniline by 
hydrogen in the presence of nickel and copper catalysts. The 
catalysts were prepared by ignition of the nitrate and reduc- 
tion of the oxide by hydrogen. Sabatier states^ that a copper 
catalyst prepared from an ignited nitrate is only moderately 
active. He also states that a catalyst prepared by precipitat- 
ing the oxide from the nitrate by sodium hydroxide and re- 
ducing in hydrogen is an excellent catalyst. The latter he 
describes as being violet and the former red. In this paper 
we shall give the results of some studies with copper catalysts 
prepared by reduction of the precipitated oxide. 

Experimental Details 

The apparatus used, method of work and analysis was the 
same as that described in a previous paper. In all the experi- 
ments a glass combustion tube was used instead of the iron 
pipe. 

Purification of Copper 

Some preliminary experiments indicated that the purity of 
the copper nitrate had a very large influence upon the ac- 
tivity of a copper catalyst prepared from the ignited oxide. 
Small amounts of iron seemed to have a beneficial effect, by 
preventing the copper catalyst from losing its activity. In 
order to get a pure copper, c. p. copper sulphate was dissolved 
in water, some sulphuric acid added, and the solution elec- 
trolyzed using graphite anodes and thin sheets of copper for 
cathodes. This electrolytically precipitated copper was used 
as anode in a nitric acid electrolyte, the cathode being a sheet 

* Srown and Henke; Jour. Phys. Chem., 26, 160 (1922). 

* Sabatier: 'Xa Catalyse/* 106 (1913), 
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of copper covered with a thin film of vaseline. After the elec- 
trolysis the precipitated copper was broken off the original 
sheet of copper (the cleavage being possible because of the 
film of vaseline). The pure pieces of copper (140 grams) were 
then dissolved in nitric acid and the solution diluted to 500 
cc. All the copper catalysts used in the experiments for this 
paper were prepared from this stock solution of pure copper 
nitrate. 

Experimental Results 

A 45-cc portion of this nitric acid solution of copper 
nitrate, containing 12.6 grams of copper, was diluted to 500 cc, 
heated to boiling and precipitated with a boiling hot solution 
of sodium hydroxide. To get a pure sodium hydroxide, me- 
tallic sodium was dissolved in water and the solution boiled and 
filtered. The hydroxide contained considerable carbonate. 
The precipitated copper hydroxide was filtered, washed and 
dried. Thirteen grams of the dry oxide was used as catalyst 
and placed in the same place in the catalyst tube as in our 
previous work. This was reduced at 260° by passing hydrogen 
over the catalyst at the rate of 10 liters per hour for V U hours. 
The zone in which reduction was taking place became heated 
to a higher temperature due to the fact that the reduction is an 
exothermic reaction. When the zone of reduction reached the 
thermocouple (after a reduction of about a half hour) the 
temperature as indicated by the millivoltmeter rose in a few 


Table I 

Temperature of catalyst— 200° C. 

Rate of flow of nitrobenzene — 3 . 0 grams per hour. 


Hydrogen in liters per hour 

Excess of hydrogen in 
% of theory 

Material yield of aniline in 
% of theory 

3.5 

()4 

97 A) 

7 

230 

97.0 

14 

500 

97.4 

25 

1070 

92.0 

35 

1540 

92.0 

52 

2340 

80.3 
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minutes from 260° to 312° and after a short time dropped 
back again to 260°. This catalyst immediately gave constant 
results when used. The average deviation from the mean of 
the first five experiments was 0.4%. The results showing the 
effect of rate of flow of hydrogen with this catalyst are given in 
Table I. 

The results of Table I are shown graphically in Curve 
Cu-A of Fig. 1 . The results show that the slower the rate of 
flow of hydrogen the higher 
the aniline yield until very 
slow rates are reached. For 
purposes of comparison 
Curve Cu-B is redrawn from 
a previous paper in which 
the catalyst was prepared Ss 
from an ignited nitrate. In 3 k 
the experiments represented |:^ 
by Curve Cu-B the rate of 
flow of nitrobenzene was the 
same as in Cu-A. The curve for Ni is also redrawn from the 
same paper. The rates of flow of hydrogen as shown by curves 
Cu-B and Ni are probably a little too high since no glass- 
wool tube was used to remove the particles of sulphuric acid 
which were mechanically carried out of the sulphuric acid bottle. 
Above 20 liters of hydrogen per hour the two curves Cu-A and 
Cu-B are very similar but below this value they are different. 
Thus Cu-B gives a yield of only 90.5^(, at 5.7 liters per hour 
while Cu-A gives 97% material yields of aniline at 15 liters 
hydrogen per hour and does not drop even when the hydrogen 
flow is decreased to 3.5 liters per hour. The experiments of 
Curve Cu-B were carried out in the iron tube while those of 
Cu-A were carried out in a glass tube. However, experiments 
performed with a catalyst from an ignited nitrate in a glass 
tube show a similar decrease in yield with low rates of hydrogen 
flow as will be shown in Table II. This indicates that the 
best ratio of hydrogen to nitrobenzene for one copper catalyst 



Fig. ] 




718 


0. W. Brown and C. 0. Henke 


may not be the best for another copper catalyst prepared in a 
different way. 

The decrease in 3deld with low hydrogen rates, with 
nickel as catalyst, is not due to incomplete reduction as in the 
case of the copper catalyst. At the lower hydrogen rates with 
the nickel as catalyst the product was colorless, a part of the 
nitrobenzene probably being reduced farther than the aniline 
stage, resulting in a low )deld of aniline. It was impracticable 
with the apparatus employed to use lower hydrogen rates than 
3.5 liters per hour. Even at this rate the nitrobenzene was not 
all carried into the furnace as soon as it was forced through the 
capillary into the catalyst tube, but it would drop onto the 
tube and then due to capillary action would tend to creep back 
between the capillary and the wall of the combustion tube to- 
ward the inlet end of the furnace. Pushing the capillary far- 
ther into the furnace overcomes this difficulty but then the 
nitrobenzene soon chars in the hot capillary and clogs it. 

In our previous study of the catalytic activity of copper 
catalysts prepared from the ignited nitrate, ordinary c. p. cop- 
per nitrate was used, traces of iron, sulphates and chlorides be- 
ing present. Also the catalysts were used in an iron tube in- 
stead of a glass tube. In Table II are given the results with 
two catalysts prepared from an ignited nitrate (produced from 
the double refined copper) and used in a glass tube. The ni- 
trate (for both catalyst A22 and A25) was ignited in an elec- 
trically heated muffle, the temperature being allowed to rise to 
420° C. About 26 grams of the ignited oxide were used for 
each catalyst and this was reduced with the rate of flow of 
hydrogen at about 4 liters per hour. In the first column are 
given the results with the catalyst from the pure nitrate 
(catalyst A22). The temperature during reduction of this 
catalyst rose to 295° C. In the second column are given 
the results with catalyst A25, which was prepared from the pure 
nitrate to which had been added an amoimt of ferric nitrate 
equivalent to 0.015% Fe in Cu(N0s)2.6H20. This would 
make the iron content of the reduced copper catalyst equal to 
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0.069% Fe. The results with each catalyst are given in the 
order in which they were carried out. 

Table II 

Temperature of catalyst — 260® C. 

Rate of flow of nitrobenzene — 4 grams per hour. 

Rate of flow of hydrogen — 14 liters per hour. 

Excess of hydrogen — 540%. 


Catalyst No. A22 
(Pure) 

Material yield of aniline in % of theory 

Catalyst No. A25 
(0.069% Fe) 

Material yield of aniline in % of theory 

94.3 

60. 8‘ 

95.3 

93.2 

93.6 

37.8* 

93.6 

92.9 

87.3 


94.3 

64. 9> 



90.6 



‘ Rate of flow of hydrogen in this experiment was 9.3 liters per hour. 

* Rate of flow of hydrogen in these two experiments was 4.6 liters per hour. 

The results of Table II indicate that a catalyst prepared 
from the ignited oxide of a pure copper nitrate and used in a 
glass tube is not as good a catalyst for the reduction of nitro- 
benzene to aniline as a copper catalyst prepared from the 
precipitated hydroxide. Thus the highest yield with catalyst 
A22 was 94.3%, which decreased rapidly with use to 87.3% in 
the third experiment while the copper catalyst of Table I 
(which was prepared from the precipitated hydroxide) gave 
97% yields of aniline when used under practically the same 
conditions. The addition of a small amount of iron seems to be 
very beneficial. Thus catalyst A25 (from nitrate containing 
0.015% Fe) for the first six experiments averaged 93.3% 
aniline yields while catalyst A22 (from the pure nitrate) de- 
creased to but 87.3% in the third experiment. Catalysts A22 
and A25 both gave good yields in the first experiments. It 
will also be noted that with each of the catalysts from the 
ignited nitrate when the rate of flow of hydrogen was decreased 
to 4.6 liters per hour the yield of aniline decreased tremendously 
the yield with catalyst A25 decreasing from an average of 
93.3% with the hydrogen flow at 14 liters per horn to 64.9% 
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with the hydrogen flow at 4.6 liters per hour. With catalyst 
A22 when the rate of flow of hydrogen was only decreased to 
9.3 liters per hour the aniline yield dropped to 60.8%. This 
is similar to the results with the copper catalysts from ignited 
nitrates when used in iron tubes as was pointed out in the dis- 
cussion under Fig. 1. However, the catalyst from the precipi- 
tated oxide gave 97.6% yields of aniline even when the hydro- 
gen flow was decreased to as low as 3.5 liters per horn. 

Tablb III 


Temperature of catalyst — 260° C. 

Rate of flow of hydrogen — 14 liters per hour. 


Nitrobenzene in grams per 
hour 

Excess of hydrogen 
in % 

Material yield of aniline in % 
of theory 

3.9 

560 

97.4 

6.3 

.300 

96.5 

9.3 

170 

92.6 

17.4 

50 

80.2 


The effect of rate of flow of nitrobenzene with a copper 
catalyst from a precipitated oxide was studied with the same 

catalyst that was used for the 
experiments of Table I. The 
results of several experiments 
at different rates of flow of 
nitrobenzene are given in 
Table III. 

The results of Table III 
are plotted in curve Cu-A of 
Fig. 2. For purposes of com- 
parison, curve Cu-B is redrawn 
from a previous paper in which 
the catalyst was prepared from 
an ignited nitrate. The rate of 
flow of hydrogen for the ex- 
periments of curve Cu-B was 
11.4 liters per hour which was 
the best rate for that catalyst. The curve for Ni is also re- 
drawn from the same paper the hydrogen rate in this case being 
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17 liters per hour. The graph .shows that the copper catalyst 
from the precipitated oxide is capable of carrying on the re- 
duction of the nitrobenzene at a much greater rate than the 
copper catalyst from the ignited oxide. Up to 7.5 grams 
nitrobenzene per hour the catalyst from the precipitated 
copper oxide gives higher yields than the nickel catalyst. 

The high rate at which the catalyst from the precipitated 
oxide is capable of carrying on the reduction and the high 
yields obtainable would make it superior to the catalyst from 
the ignited nitrate for commercial purposes. The higher 
yields obtainable would probably make it superior to the 
nickel catalyst up to about 8 grams nitrobenzene per hour, 
while with higher rates of nitrobenzene the nickel would be 
superior. 

The copper catalyst from the precipitated oxide gave 
constant yields immediately when used as was noted above. 
After the first few experiments with this catalyst the aniline 
produced seemed to be perfectly colorless as not a trace of 
color could be detected. However, upon titration the yield 
was only 97 to 98%. After a few days’ use of this catalyst 
the product became slightly colored, but upon titration the 
yield was found to still be practically the same. 

After about three weeks’ use during which time this cata- 
lyst was used at temperatures as high as 300° C it showed a 
slight decrease in activity, the yields of aniline being about 3% 
lower than at first. When this catalyst was taken out of the 
furnace it had a bluish black color while the catalyst from the 
ignited oxide was red and more compact. Upon examining 
this catalyst (from the precipitated oxide) it was found to 
contain bright pieces of hard massive copper. Upon examining 
these catalysts under the microscope (with a magnification of 
100 diameters) the red copper catalyst looked as though it had 
been subjected to incipient fusion, the mass being made up of 
myriads of little spheres of copper. The catalyst from the 
precipitated oxide did not show this sintering to as great an 
extent as the red copper catalyst. When some of the hard 
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massive particles of copper (from the catalyst from the pre- 
cipitated oxide) were broken up and examined under the 
microscope they showed a needle-like crystalline structure. 
From this and also from the slightly lower 3delds obtained 
after three week?’ use it appears that the catal 3 rst slowly loses 
its activity probably due to a slow agglomeration or sinter- 
ing of the small particles. 

The catalyst from the precipitated oxide was also used in 
a rather extensive study of the effect of temperature upon the 
reduction. For this study a rather high rate of nitrobenzene, 
9.7 grams per hour, was chosen. The results of experiments 
under different conditions are given in Table IV. 

Table IV 


Rate of flow of nitrobenzene — 9 . 7 grams per hour. 


Temperature, de- 
grees C 

Hydrogen in liters 
per hour 

i 

Excess of hydrogen 
in % 

Material yield of an- 
iline in % of theory 

260 

3.5 

- 35 ‘ 

73.9 

260 

7.0 

30 

90.3 

260 

14 

160 

92.6 

260 

25 

3(50 

92.3 

260 

35 

550 

86.6 

260 

52 

860 

78.9 

279 

7 

30 

95.9 

279 

14 

160 

91.2 

279 

25 

360 

84.9 

279 

35 

550 

82.9 

298 

3.5 

- 35 ‘ 

81.2 

298 

7 

30 

93.6 

298 

14 

160 

91.2 

298 

25 

360 

86.9 

298 

35 

550 

80.2 


‘ In these two experiments the rate of flow of hydrogen was 35% below 
the theoretical amount needed. 


The percentage excess of hydrogen is calculated from the 
rates of flow of hydrogen and nitrobenzene. However, the 
furnace is full of hydrogen at the beginning of an experiment 
and hydrogen is passed for 20 minutes or more after all the 
nitrobenzene has been forced into the furnace in order to wash 
all the material out of the furnace into the condenser. 
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The results of Table IV are shown graphically in Fig. 3. 
From the curves it is seen that 260° C is the best temperature 
through the greater part of the range of variation of hydrogen 
flow. At the lower rates of 
hydrogen flow, however, atem- 
perature of 279 is better. Af- 
ter using the catalyst at these | 
higher temperatures it did not ^ 
give as high yields of aniline at 
260 as it did before being used 
at the higher temperatures. 

This indicates that for con- 
tinuous use 260 is the best 
temperature. 

An attempt was made to 
increase the rate at which the ^ 

nitrobenzene could be reduced by precipitating the copper on a 
support. For this purpose some asbestos was thoroughly 
cleaned by boiling in HNO3, washing and drying. This was 
soaked in 15 cc of the nitric acid solution of the pure copper 
nitrate containing 4.2 grams of copper. This was then dropped 
into 50 cc of boiling NaOH solution. The asbestos cop- 
per oxide was filtered, washed and dried. In this manner 4.6 
grams CuO was added to 3 grams of asbestos. Five grams of 
this, containing 3 grams of copper oxide, was used as catalyst. 
Another catalyst was prepared with pumice as support. The 
pumice was broken up to pass a 10 mesh sieve and remain on 
a 20 mesh sieve. This was boiled in HNO3, washed and dried. 
Ten grams of this pumice was soaked in 15 cc of the nitric acid 
solution of pure copper nitrate containing 4.2 grams copper. 
This was then dropped into 50 cc of a boiling NaOH solution. 
The pumice copper oxide was washed, filtered and dried. In 
this way 2 grams CuO was added to the pumice. Nine grams 
of this, containing 1.5 grams of CuO, was used as catalyst. 
The results with the copperized asbestos and pumice as catalyst 
are given in Table V. 
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Table V 


Temperature of catalyst — 260® C. 


Nitrobenzene 
in grams per 
hour 

Hydrogen in li- 
ters per hour 

Excess of hy- 
drogen in % 

Material yield of 
aniline in % of 
theory (copper 
on asbestos) 

Material yield 
of aniline 'in 
% of theory 
(copper on 
pumice) 

3.9 

9.5 

350 

97.0 

— 

3.9 

14 

560 

98.3 

99.0 

3.9 

25 

1070 

— 

98.6 

3.9 

35 

1540 

95.9 

— 

3.9 

52 

2340 

93.9 

92.3 

9.7 

5 

-6‘ 

70.9 


9.7 

9.5 

80 

97.0 


9.7 

14 

160 

97.9 i 


9.7 

35 

560 

92. G 1 


20* 

25 

120 

96.3 



1 In this experiment the rate of flow of hydrogen was 6% below the theo- 
retical amount needed. 

2 This was the fourth experiment with a new copper-asbestos catalyst. 

The results of Table V (except the experiment in which 
the rate of nitrobenzene was 20 grams per hour) are shown 
graphically in Fig. 4. Curves Cu-3.9 and Cu-9.7 are redrawn 
from Figs. 1 and 3, respectively. The figures 3.9 and 9.7 refer 
to the rate of flow of nitrobenzene in grams per hour. Curves 
Cu-A-3.9 and Cu-A-9.7 refer to the copper on asbestos catalyst 
while Cu-P-3.9 refers to the copper on pumice. The experi- 
ments represented by the three curves, Cu-P-3.9, Cu-A-3.9 and 
Cu-3.9, were all carried out under the same conditions. The 
copper on pumice shows the highest yields with the copper on 
asbestos a close second while the curve for copper alone falls 
below both of these. Upon increasing the nitrobenzene flow 
to 9.7 the results with the copper catalyst are considerably be- 
low those for the copper on asbestos catalyst as is shown by 
the curves. From these curves it would appear that copper 
on pumice is the best catalyst with copper on asbestos a close 
second. However, this is not necessarily true because the cop- 
per in pumice catalyst quickly lost its activity. Thus after 
one day’s use an experiment with 3.9 grams nitrobenzene 
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per hour and 52 liters hydrogen per hour gave only a 75.2% 
yield of aniline instead of a 92.3% yield on the first day. 
This bad feature places the copper on asbestos catalyst as 
superior to the copper on pumice when the volumes of the two 
are approximately the same. However, there were 3 grams 
CuO on the asbestos and only 1 .5 grams on the pumice. When 



Fig. 4 

copper was used without a support 13 grams of the precip- 
itated CuO was used while 27 grams of the ignited CuO are re- 
quired to fill the same approximate volume. The same vol- 
ume of catalyst was used each time. 

The copper asbestos catalyst may be used with a very 
high rate of nitrobenzene as is shown by the experiment with 
20 grams nitrobenzene per hour in which the yield of aniline 
was 90.3% of the theoretical yield. However, at these rapid 
rates of nitrobenzene the catalyst quickly loses its activity. 
This loss in activity is probably due to a heating effect. Thus 
in one experiment with 17 grams nitrobenzene per hour the 
temperature as indicated by the thermocouple rose 20° C in 



726 


0. W. Brown and C. 0. Henke 


about S minutes. It would be reasonable to suppose that 
the temperature became much higher at the surface of the 
catalyst where the reaction took place than that indicated 
by the thermocouple, and that this heating causes the dimi- 
nution in aetivity. 

The yield obtained with the rate of nitrobenzene at 20 
grams per hour is much higher than that obtained with nickel, 
which indicates that this copper with an asbestos support has 
an even greater speed of reduction than nickel without a sup- 
port. 

The higher yield with the copper on asbestos catalyst 
does not necessarily mean that copper on asbestos is “more 
active” than copper alone. Probably a greater surface of 
copper is exposed to the gaseous mixture when the copper is 
precipitated on the asbestos fibers than when it lies in the 
tube in the form of a powder. When it is remembered that only 
3 grams CuO were used on the asbestos catalyst while 13 grams 
of the copper oxide were used for the copper catalyst, it is seen 
that the difference in rates per gram of copper is very great. 

Summary 

1. Sabatier’s statement that a copper catalyst prepared 
from a precipitated oxide is a better catalyst than one pre- 
pared from an ignited nitrate has been confirmed. 

2. Much lower rates of hydrogen may be used without 
loss in yield of aniline with a copper catalyst from a precip- 
itated oxide than with one from an ignited nitrate. 

3. The copper catalyst from the precipitated oxide is 
capable of carrying out the reduction of the nitrobenzene at a 
much greater rate than the one from the ignited nitrate. 

4. The difference in physical appearance of the cata- 
lysts from the precipitated oxide and ignited nitrate has been 
pointed out. 

5. The best temperature for carrying out the reduction 
was found to be near 260° C — about the same as in our previous 
work with catalysts from the ignited nitrate. 
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6. Copper on asbestos was found to be capable of reduc- 
ing the nitrobenzene at a much greater rate per gram of copper 
than copper alone. 

7. When the copper on asbestos catalyst is used at high 
rates of nitrobenzene it quickly loses its activity, 

8. Copper on asbestos is a better catalyst than an equal 
volume of copper on pumice, although the latter only contained 
half as much copper as the copper on asbestos catalyst. 

9. A small amount of iron in a copper catalyst prepared 
from an ignited oxide prevents the rapid decrease in the 
activity of the catalyst. 

Laboratory of Physical Chemistry 
Indiana University 
Bloomington 



ON THE PREPARATION OF COLLOIDAL SOLUTIONS 
OF NICKEL AND COBALT HYDROXIDES AND 
SOME OTHER COMPOUNDS OF THESE METALS 


BY O. F. TOWER AND MARTHA C. COOKE 

Some years ago one of us, while investigating the tartrates 
of nickel and cobalt,* encountered a number of solutions of 
these substances which were evidently of a colloidal nature. 
In this paper the results of further investigations of these same 
substances are described together with some new methods for 
preparing colloidal solutions of the hydroxides of nickel and 
cobalt. The former paper should be consulted for a descrip- 
tion of the nature and properties of the simple tartrates of 
these metals and of their double tartrates with potassium. 
The methods of analysis employed in this work are the same as 
those there set forth. Dialyzing was carried out either in 
parchment or collodion bags, which insures rapid diffusion. 
These were hung in distilled water, which was frequently 
changed. Parchment seemed to work the best, as the collodion 
apparently allowed larger particles to pass through, especially 
in the strongly alkaline solutions. 

Simple nickel and cobalt tartrates, when prepared by 
dissolving the freshly precipitated hydroxides in tartaric acid 
are not colloids. These solutions are in a state of supersatura- 
tion and on standing deposit the crystalline salts. When, 
however, to these solutions sodium or potassium hydroxide is 
added a colloidal solution results, and in case solutions as 
concentrated as “normal” are employed the nickel solution 
forms a green transparent gel. If fifth-normal solutions are 
used no gel is obtained. The solution is, however, colloidal 
as examination by means of the ultramicroscope shows. The 
gel obtained with the more concentrated solutions after stand- 
ing several days deposits a light green precipitate of nickel 
tartrate mixed with variable amounts of potassium tartrate. 

' Tower: Jour. Am. Chem. Soc., 22, 501 (1900). 
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Whatever may be the nature of the substance in solution,^ 
the precipitate in every case is simply nickel tartrate with 
more or less potassium tartrate adsorbed in it. The dilute 
solutions which did not gel were subjected to dialysis. In 
most cases all of the potassium and tartrate radical passed 
through the membrane leaving colloidal nickel hydroxide 
inside. Solutions containing at the most 3.2 grams of nickel 
hydroxide per liter were prepared in this way. The results 
just described were best obtained when tartaric acid and po- 
tassium hydroxide were in molecular proportions, that is, 
one molecule of the acid (not as free acid, but as nickel tartrate) 
to one molecule of the hydroxide. If the quantity of hydroxide 
exceeded this to any great extent, either all of the nickel would 
diffuse through the membrane also, or some nickel tartrate 
would precipitate inside the parchment bag as the potassium 
tartrate diffused out. 

Similar solutions containing cobalt acted quite differently ; 
for one reason because cobalt has a tendency to become oxi- 
dized to the cobaltic condition in a strongly alkaline solution. 
If the amount of potassium hydroxide employed was the least 
possible required to hold cobalt hydroxide in solution,^ no 
oxidation seemed to take place. When such a solution was 
dialyzed one of two results occurred: either light pink cobalt 
tartrate was precipitated after a day or two inside the bag, 
or no precipitation at all took place and after dialyzing several 
days the contents of the bag consisted of a currant-red gel. 
Analysis of this gel showed it to be for the most part cobalt 
tartrate with small quantities of potassium tartrate adsorbed in 
it. Prolonged shaking of this gel with distilled water failed 
to peptize it. 

In case a greater excess of potassium hydroxide was used 
in forming these solutions, oxidation would begin at once and 
the color would change from pink to purple, to green, and after 
many days to brown. If solutions as concentrated as “normal” 

' See loc. cit., p. 510. 

* See loc. cit., p. 517. 
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were used the solutions would set to a gel in about 24 hours 
(not at once as in the case of the nickel solutions), or about the 
time the color began to change. This gel lasted about two 
weeks, or about the time the color change was completed, when 
it gradually passed over into an ordinary solution containing 
a slimy brown precipitate. More dilute solutions passed 
through the same changes except that no gel was formed. 
No attempt was made to dialyze any of the solutions in which 
cobalt had obviously become oxidized, as methods of obtain- 
ing colloidal solutions of cobaltous hydroxide were being 
sought. 

The literature, as far as we have been able to find, contains 
but one reference to the preparation of colloidal cobalt hydrox- 
ide without the employment of a protective colloid. A. 
Mailer,* in 1908, peptized a number of freshly precipitated 
metallic hydroxides by means of hydrochloric acid or hydro- 
lyzed salts of the same metals. In the case of cobalt he used 
the freshly precipitated hydroxide and hydrochloric acid and 
obtained a colloidal solution, which, however, began to deposit 
a precipitate within 24 homs. Nickel hydroxide is not men- 
tioned. 

In addition to the experiments, which have been described 
to try to obtain colloidal solutions of nickel and cobalt hydrox- 
ide by dialyzing solutions of their double tartrates and which 
resulted successfully only in the case of the former, other 
methods were also undertaken as follows. Nickel and cobalt 
hydroxides dissolve in excess of both ammonium hydroxide and 
carbonate, but as in these cases they form well defined double 
salts or complex molecules, it was scarcely expected that any 
colloidal solutions would be produced by subjecting them to 
dialysis; and such was found to be true. On dialyzing, 
either the whole of the substance in solution passed through the 
membrane, or sometimes only the ammmoniacal portion, in 
which latter case the metallic hydroxide or carbonate, as the 
case might be, was precipitated inside the bag. 


‘ Zeit. anorg. Chem«, 57, 311. 
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One of the best ways of preparing a colloidal solution of 
nickel hydroxide was discovered accidentally while preparing 
the hydroxide for conversion into the tartrate. For this 
purpose a solution of nickel chloride was treated with a little 
more than the equivalent quantity of a solution of potassium 
hydroxide, the precipitated nickel hydroxide allowed to settle, 
the supernatant liquid siphoned off, more water added, and the 
process repeated several times. It was found that the original 
concentration of the two solutions mixed was the principal 
factor in determining how rapidly the nickel hydroxide would 
settle. If normal solutions were mixed and then diluted after- 
wards, settling occurred fairly rapidly (say 20 minutes) and 
all traces of alkali can be washed out in three or four hours. 
If tenth-normal solutions are mixed, settling takes place much 
more slowly; and if hundredth-normal solutions are mixed, 
all day is required for the nickel hydroxide to settle sufficiently 
so that the supernatant liquid can be drawn off. For the 
purpose in hand solutions of a concentration about tenth- 
normal gave the best result. About 600 cc of each solution 
were poured together in a tall beaker, thoroughly mixed and 
set aside to settle. This took about one hour the first time. 
After siphoning off the solution about 900 cc of distilled water 
was added and thoroughly mixed with the precipitate by pour- 
ing back and forth from one beaker to another. Settling 
took longer this time, and the time increased with each suc- 
cessive washing. After about six such washings during one 
day, the precipitate was allowed to stand over night with the 
same quantity of water to settle again, but in the morning the 
precipitate had vanished and a colloidal solution of nickel 
hydroxide remained. The solution was somewhat opalescent, 
exhibited the Tyndall effect and showed distinct particles 
under the ultramicroscope. 

On different trials the amount of nickel hydroxide thus 
going into solution varied considerably, for this depends 
so much on the nature of the precipitate formed when the two 
original solutions are mixed. If too dilute solutions are 
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employed the precipitate first formed is so finely divided that 
it is almost impossible to wash it by this method as it settles 
too slowly; and unless the potassium chloride is for the most 
part removed colloidal nickel hydroxide will not form, or at 
least the sol will not be sufficiently stable to last any length of 
time. To strike just the right conditions is a matter of some 
difficulty. In the most successful experiments one liter of 
solution contained about 1.5 grams of nickel hydroxide. 

When such solutions were subjected to dialysis, nickel 
hydroxide would begin to precipitate within 24 hours and traces 
of chloride ions would be found in the dialysate, although the 
original colloid solution gave a practically negative test for 
these ions. By estimating the quantity of chloride ions re- 
moved by dialyzing,^ it was calculated that the solutions con- 
tained an equivalent of about 1 cc tenth-normal potassium 
chloride in one liter. This seems to show that in order to hold 
nickel hydroxide in colloidal solution there must be approx- 
imately 1 molecule of potassium chloride to 200 molecules of 
nickel hydroxide. Experiments showed that nickel hydroxide, 
like other metallic hydroxides, is a positive colloid and grad- 
ually drifts toward the negative pole under the influence of a 
sufficient potential difference. These experiments were car- 
ried out in U tubes using a potential difference of 110 volts. 
The nickel hydroxide is probably stabilized by the potassium 
ions adsorbed by it. It is well known that other similar 
colloids adsorb positive ions in this way ; but, so far as we know, 
no colloid is so sensitive to a small change of concentration of 
these ions as is the nickel hydroxide prepared in the manner 
just described ; for it is precipitated by a slight increase in the 
concentration of potassium chloride as well as by its removal. 
Aggregation of the particles in these solutions goes on slowly 

^ This was accomplished by comparing the cloudiness obtained by adding 
tenth-normal silver nitrate to 500 cc of the dialysate with that obtained from stand- 
ards prepared by treating 500 cc of solutions containing known amounts of po- 
tassium chloride with tenth-normal silver nitrate. This method could not be 
used with the original colloidal solution because of its greenish color and slight 
opalescence. 
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but continuously, for in the course of six or eight weeks all 
of the nickel hydroxide precipitates and the solutions become 
optically empty. The colloidal solutions of nickel hydroxide 
prepared by dialyzing the double tartrate are more stable, as 
most of them are perfectly transparent now after standing four 
months. 

Cobalt hydroxide does not pass as readily into colloidal 
solution when prepared in this manner as does nickel hydroxide, 
that is, by precipitating from dilute solutions and washing by 
repeated siphoning off of the supernatant liquid. However, 
very dilute solutions of a brownish color can be obtained in 
this manner. They exhibit the Tyndall effect and show 
particles under the ultramicroscope, although their concentra- 
tion in no case exceeded 0.05 gram of cobalt hydroxide per 
liter. They are also not very stable, for after standing a few 
days all of the hydroxide coagulates and precipitates. 

Since tartaric acid holds nickel hydroxide in solution, one 
would expect that glycerine would act similarly. In fact, 
Chatterji and Dhar^ state that this is the case, provided the 
glycerine is added to the solution of the metallic salt before 
adding sodium hydroxide. We have, however, been unable to 
confirm this for nickel salts, although we have found it to be 
true for cobalt salts and the others mentioned by these in- 
vestigators. Four salts of nickel, the chloride, nitrate, sulfate 
and acetate, were tried in varying concentrations and with 
varying quantities of glycerine with both sodium and potas- 
sium hydroxides, but with negative results. In a few cases 
precipitation of nickel hydroxide would be delayed for four or 
five minutes but not longer. Nickel acetate dissolves directly 
in glycerine. If to such a solution an aqueous solution of 
sodium or potassium hydroxide was added, a precipitate re- 
sulted at once. If, however, an alcoholic solution of potassium 
hydroxide was employed, no precipitation occurred and in a 
few minutes the whole mixture set to a gel . These were the only 
conditions under which we found that glycerine would hold 


‘ Trans. Faraday Society, Vol. 16, appendix to Part 3. 



734 


0. F. Tower and Martha C. Cooke 


nickel hydroxide in solution. If this gel was diluted witib 
water or with 90% alcohol, nickel hydroxide was thrown down 
inunediately by the water and after a few minutes delay by 
the alcohol. On standing this gel underwent some interesting 
dianges. After standing about 24 hours it clouded up and be- 
came opaque. It continued in this state for 10 or 12 days, after 
which syneresis began. The liquid portion rapidly increased 
in amount and in a few days entirely peptized the solid portion, 
so that a limpid green solution remained. Dilution with water 
now caused no precipitation, although the solution was dis- 
tinctly alkaline. A portion of this dilute solution was then 
placed in a collodion tube and dialyzed. In three or four days 
the contents of the tube had gelled. The gel consisted of nickel 
hydroxide with some organic matter in it. The excess of al- 
kali had dialyzed out. A second portion of the diluted solu- 
tion standing without dialyzing for the same length of time 
did not gel. It of course still contained excess of potassium 
hydroxide. 

It might be stated in closing that both colloidal nickel and 
cobalt hydroxides are reported to have been prepared by 
Paal’s method,* that is, by employing certain protein decom- 
position products as protective colloids. Our experiments 
have, however, been limited to attempts to prepare such so- 
lutions without the aid of protective colloids. 

It is well known that nickel sulfide is readily held in col- 
loidal solution in the presence of a large excess of alkali, es- 
pecially if an organic substance like tartaric acid or glycerine 
is present.* We have found that if such solutions are dialyzed 
the nickel sulfide is completely precipitated and the remain- 
ing liquid is optically empty. The tartrates, glycerine and 
excess of alkali pass through the dialyzing membrane, and their 
stabilizing effect is evidently required to keep nickel sulfide in 
the colloidal state. 

The conclusions of this paper may be thus summarized: 

* German patent (1906), described in Svedberg’s “Herstellung kolloider 
Ldsungen,” p. 327. 

• Loc. cit., p. 618. 
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1. Two methods are described for preparing colloidal so- 
lutions of nickel hydroxide, one by dialyzing a solution of 
nickel tartrate in the presence of an alkaline solution of potas- 
sium tartrate, and the other by a special method of precip- 
itating and washing the hydroxide itself. 

2. Cobalt(ous) hydroxide does not pass readily into col- 
loidal solution by these methods; only very dilute solutions 
of it could be obtained. 

3. The tartrates of nickel and cobalt in the presence of 
an excess of alkali exist in the colloidal state. 

4. In a former paper evidence was presented for the ex- 
istence in solution of such salts as, 

COOK KOOC COOK 

HCOH HOCH and HCO\ 

HCOH HOCH HCO/^’ 

COONiONiOOC COOK 

but since we have here to deal with solutions of colloids that 
evidence is of little value. Any solids obtained from such 
solutions appear to be only nickel tartrate with more or less 
potassium tartrate adsorbed in it. 

5. Glycerine does not prevent the precipitation of nickel 
hydroxide from aqueous solutions. In alcoholic solution in- 
teresting transformations occur, and a solution is eventually 
obtained from which nickd hydroxide cannot be precipitated 
by diluting with water. 

6. Colloidal solutions of nickel sulfide, which are readily 
formed in the presence of an alkaline solution of a tartrate, 
immediately decompose with precipitation of the sulfide on 
dialyzing out the tartrate. 

The Morley Chemical Laboratory 
Western Reserve University 
June, ig22 
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BY WILDER D. BANCROFT 

CHROME 

Wool and Bichromate 

Although the use of chromic oxide as a mordant with dyes 
other than logwood only goes back about seventy years, 
Liechti and Hummed stated in 1893 that “the most important 
mordants in wool d3'^eing are certainly the chromium mordants 
— indeed they have been called the mordants of the future.” 
Only ten years later, Ganswindt® said that ninety-eight 
percent of all the mordanting of wool is done with chromic 
oxide. Matthews® says that “chromium mordant is used for 
dyeing practically all of the alizarin, mordant, and acid- 
mordant or after-chromed dyes; it is also the principal mor- 
dant used in conjunction with the natural dyewoods.” 

Instead of starting with the chromic salt, as would natu- 
rally have been expected, chromic acid in the form of bichro- 
mates of potassium and sodium is the most important and 
most generally used wool mordant.^ Matthews® says that 
“formerly potassium bichromate was used almost entirely; 
but, during the recent war, potassium salts were very scarce, 
and even before the war sodium bichromate was coming into 
vogue as a mordant, as the sodium salt was cheaper than the 
potassium salt. In former times the potassium salt was pre- 
ferred owing to the fact that it crystallized nicely and could 
thus be prepared very pure and free from iron (which is very 
essential in its use as a mordant for most colors), whereas the 
sodium salt was difficult to obtain in a crystalline condition, 
and, furthermore, it deliquesced on exposure to the air and be- 

> Jour. Soc. Chem. Ind., 12, 241 (1893). 

* “Theorie und Praxis der modemen Farberei,” II, 69 (1903). 

• “Application of Dyestuffs,” 344 (1920). 

‘ Knecht, Rawson and Loewenthal: "A Manual of Dyeing,” 266 (1910). 

‘ “Application of Dyestuffs,” 344 (1920). 
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came pasty and hard to handle. Modem and improved meth- 
ods of manufacture, however, developed a crystalline form of 
sodium bichromate in a highly purified state and it rapidly 
displaced the sodium salt.” 

In a bichromate solution wool, of course, becomes yel- 
low ; but neither bichromate or chromic acid is really a mordant 
in itself. Liechti and Hummel* say that ‘‘the [wool] fibre it- 
self is incapable of really fixing chromic acid as such, as some 
maintain, and during washing, especially in hot water, a larger 
or small quantity is dissolved from the fibre. So much, in- 
deed, is this the case that some have been led to declare that 
the mordanting of wool with bichromate of potash is of a 
purely physical nature, since by washing nearly the whole of 
the chromium may be removed.” Whitely* did not succeed 
in washing out all the chromic acid ; but recent experiments at 
Cornell are quite conclusive to the effect that there is no very 
strong adsorption of chromic acid by wool. Since chromic 
oxide is the real mordant, mordanting with bichromate in- 
volves a reduction. The chromic acid may react with the 
wool fiber, with the dye, or with reducing agents added to 
the bath. There seems to be no question but that chromic acid 
reacts Avith wool under suitable conditions. In the light the 
color of the wool changes from yellow to green and, in the dark, 
reduction always takes place* if the wool is kept in the bath at 
100 ° for an hour and a half, the wool becoming a brownish yel- 
low or pale olive color. In another experiment ‘‘wool was sat- 
urated with solutions of potassium chromate and bichromate of 
such a strength that the amount of mordant absorbed was 
equivalent to the use of three percent bichromate of potash 
[on the wool] in the ordinary manner. After drying, the 
fents were steamed, and in this way not only was the bichro- 
mate, but even the chromate of potash almost entirely reduced, 
particularly the former, presumably according to the following 
equations : 

’ Jour. Soc. Chem. Ind., 12, 244 (1893); Ganswindt: 14,654(1895). 

> Ibid., 6 , 131 (1887). 

• Liechti and Hummel; Jour. Soc. Chem. Ind., 12, 244 (1893). 
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KiCrjOr + 4 H 2 O « Crs(OH), + 2KOH + 30 
2KsCr04 + 5HsO - Cr2(OH)6 + 4K0H + 3 0. 

This experiment demonstrates conclusively the fact that re- 
duction may be effected by the wool fibre itself, and one need 
not necessarily therefore adopt Nietski’s view, that, owing to 
the amido-acid character of the wool fibfe, both K 20 and CrOs 
are fixed simultaneously.” 

When the reduction takes place at the expense of the 
wool fibre the latter may easily be weakened thereby. There 
has been a good deal of discussion over this and von Kapff has 
urged the substitution of vat dyes for mordant dyes* on the 
ground that in Germany alone the annual damage to wool from 
chrome mordanting amounts to 250 million marks. Others 
claimed that the damage is relatively small. The truth of 
the matter is that a reducing agent is usually added, either by 
itself or in the form of dye as in the case of logwood. The 
amount of oxidation of the wool is small at most because 
one usually adds three percent of potassium bichromate on the 
weight of the wool and only about one-third of this is adsorbed. 
Liechti and Hummel* estimate that this means, in round num- 
bers, about one hundred grams of available oxygen to one 
hundred and fifty kilograms of wool, in case the chromium 
is fixed, as they assume, in the form of a chromic chromate, 
Cr 2 (Cr 04 )s, from which the chromate is afterwards washed out. 

If an oxidizable dye is used, the dye wiU reduce the chromic 
add, which will therefore not attack the wool. Matthews* 
says that potassium bichromate and sulphuric acid ‘‘in con- 
nection witii logwood oxidize the hematoxylin to hematine and 
thus utilize the coloring matter completdy. If the ordinary 
chrome and tartar mordant is employed, a green reduced 
chromium oxide is obtained on the fibre.which has no oxidizing 
properties; consequently, on dyeing with logwood, the color 
obtained is chiefly due to hematine and the hematoxylin is 

‘ Schwalbe: Zeit. KoUoidchemie, 5, 130 (1009). 

* Jour. Soc. Chem. Ind., 12, 242 (1893). 

» "Application of Dyestuffs," 477 (1920). 
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not utilized completely. This accounts for the fact that differ- 
ent dyeirs may obtain entirely different results with the same 
lot of logwood extract.” 

Liechti and Hummel^ have proved that alizarin alone, in 
the absence of wool, is capable of reducing alizarin. “With 
the presence of wool the reaction proceeded even more favor- 
ably. Along with one gram alizarin (20 percent paste) the 
theoretical amount of bichromate of potash was employed, 
viz., 0.082 g; also the following amounts: 0.123, 0.164, 
0.205, 0.246, 0.328 grams. The wool was entered into the 
bath at 40° C and then boiled for two hours. All the baths 
contained lake, which gradually increased in quantity from 
baths one to six. All had a neutral reaction and were totally 
free from alizarin. No. 1 contained the merest traces. No. 2 
slightly more, and the rest gradually increasing amotmts of 
chromate of potash. Notwithstanding the absence of lime 
salts, the dyed wool stood soaping very well, and all the col- 
ours were bright claret reds, very similar to each other in shade. 
It must not be forgotten, however, that the wool itself contained 
a little lime. Cotton submitted to the same process merely 
acquired a pale peach colour, while the bath contained a 
good deal of lake.” 

‘Tf a filtered aqueous sdlution of Coerulein S, made in the 
cold, is heated with not too much bichromate of potash, a fine 
colour lake is obtained. If there is a deficiency of readily 
oxidisable substances present, then the wool itself continues 
and completes the reduction. This fact can be established 
experimentally, for in no single case did we ever succeed in de- 
tecting chromic acid in the dye-bath. 

‘Tn most cases of dyeing an oxidising action on the part 
of the mordant is undesirable, and in some cases it is abso- 
lutely injurious, hence many attempts have been made to 
reduce the chromic acid entirely before dyeing. The method 
proposed some time ago by Knecht, namely, by the use of 
sodium bisulphite, effects this in the simplest manner; but 

1 Jour. Soc. Chem, Ind., 12 , 244, 246 (1893). 
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this method has long been kno^, for already in 1853 C. Koech- 
lin mordanted wool with bichromate of potash, and after wash- 
ing, effected reduction by means of sodium bisulphite, repeating 
the operations four or five times. Witt, too, has long adopted 
the same method. In 1881 one of us used the method with silk. 
Further, in 1866, Chaudet recommended the treatment with 
a variety of reducing solutions after mordanting — e. g., sul- 
phurous acid, alkali sulphides, organic acids, alcohol, sugar, 
etc. Grison too, who recommends 1.5 percent K2Cr207 + 8 
percent H2SO4, effected reduction by means of sodium bisul- 
phite, or by using a solution of arsenious acid (10 grams per 
litre), treating the mordanted material with this until it ac- 
quired a green colour, and repeating the operations if neces- 
sary. Then again, in 1857 Francillon padded wool or silk in 
bichromate of potash or chromic acid, and effected reduction 
after a few hours, by hanging the materials in the sulphur 
stove or by means of a solution of sulphurous acid.” 

“Nietzki suggests that the ultimate dyed colour produced 
is due to a triple combination of wool, colouring matter, and 
chromic acid. There is, however, no fact which can be ad- 
vanced in favor of this supposition, and we have always been 
inclined to adopt the view, shared also by Herzfeld and by 
Witt, namely, that in the dyed colour the chromium exists as a 
chromic oxide lake, reduction taking place chiefly by means of 
the foreign organic substances which almost always accompany 
the colouring matter employed, sometimes by the impurities 
contained in the water (Cochenhausen), frequently by the 
colouring matter itself, as in the case of logwood, and lastly 
by the sulphurous acid of those colouring matters which 
have been rendered soluble by combination with sodium bi- 
sulphite.” 

Chromic acid mordants wool more strongly than either 
potassium bichromate or chromate. Knecht states^ that 
with neutral potassium chromate only thirty-six percent and 
with potassium bichromate only forty-eight percent of the 


' I4echti and Hummel: Jour. Soc. Chem. Ind., 12, 242, 246 (1893). 
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amount of chromium is fixed as when wool is boiled in a bath of 
chromic acid itself. Liechti and Hummel say that “most 
authors agree with us that chromic acid mordants better, that 
is stronger, than bichromate of potash. Most recommend 3 
percent KjCrjOr + 1 percent H2SO4; Lodge gives 2 percent 
H2SO4; and Kertesz, 3 percent H2SO4. Nietzki observed on 
using excess of sulphmic acid, e. g., 3 molecules, that the chromic 
acid is taken up rapidly and almost completely by the wool. 
This observation agrees writh ours; but it is difficult to under- 
stand why his samples appeared yellow after washing, since 
ours had invariably a greenish-brown or olive colour, some- 
times the green (chromic oxide), sometimes the brown (chro- 
mium chromate) predominating. Leaving out differences of 
intensity the colour varied from a pale reseda colour to pale 
olive.’’ 

In a later paper Hummel and Gardner’ modify this 
statement somewhat, because they find a maximum mordant- 
ing with about 1.5 mols sulphuric acid. “A series of six wool 
patterns was mordanted with three percent K2Cr207 (1 mol) with 
the addition of 0, 0.5. 1, 1.5, 2, 3 mols of H2SO4. The mor- 
danted patterns varied in colour from a drab-white in No. 1 
to a pale olive-yellow in No. 4, after which from No. 4 to No. 6 
the colour became distinctly greener. The mordant liquor of 
No. 1 had a pale greenish-yellow which gradually became 
slightly paler up to No. 6. The addition of sulphuric acid 
up to 1.5 mols results therefore in an increased fixation of 
mordant, from which point with larger proportions of acid the 
amount of reduction increases.’’ In a second set of experi- 
ments “larger variations in the amount of sulphuric acid 
were employed, three percent K2Cr207 being used with 1.5, 
3, 4.5, 6, 7.5, 9 mols H2SO4. No further information was ob- 
tained, the addition of 1.5 mols H2SO4 again giving the maxi- 
miun fixation, while writh 3 mols partial reduction of the 
chromic acid occurred and with increased amounts of acid the 
reduction was somewhat greater.’’ 

‘ Jour. Soc. Chem. Ind., 14, 452 (1895). 
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This statement is typical of what one encounters when 
reading papers on dyeing. The condusion may be right; 
but it is in direct contradiction with the facts as stated. Hum- 
mel and Gardner say that the waste mordant liquor in the first 
set of experiments becomes increasingly paler, with increasing 
amount of acid. If this is true, there is less chromium in the 
bath and consequently more has been taken up. They are 
really talking about the adsorption of chromic acid as such, 
though they speak of the fixation of the mordant. The fact 
that the wool becomes greener shows that there is less free 
chromic acid but not that there is less chromium. 

Experiments were also made with three percent K 2 Cr 207 
(1 mol) and 0, 1,2, 3, 4, 6 mols of hydrochloric add. The ap- 
pearance of patterns Nos. 1, 2, and 3 was similar to the cor- 
responding ones in the series with sulphuric acid. “A very 
remarkable difference, however, was shown in patterns Nos. 
4, 5, and 6, which here had a pronounced olive-yellow colour. 
In accordance with this gradual increase in colour of the mor- 
danted patterns, there was a corresponding decrease in the 
colour of the waste mordant liquors, in which, from No. 4 to 6, 
the colour was much paler than in the corresponding waste 
liquors of the previous experiment; indeed Nos. 5 and 6 
mordant baths with 4.5 [4.0?] and 6 mols HCl were almost en- 
tirely exhausted. A continuation of this experiment, using 
larger amounts of hydrochloric add (6-16 mols), showed that 
6 mols sufficed for the fixation of the chromium chromate, and 
that larger amounts merely caused a further slight reduction; 
but even with 16 mols the reduction was far from complete 
when three percent bichromate was used. 

“The corresponding experiments with nitric add indicated 
that the use of this add gives a result very similar to that 
obtained with hydrochloric acid; the mordanted patterns 
showed the same deep olive-yellow colour and the waste liquors 
were equally well exhausted. The amount of nitric add 
necessary to give the maximum amount of fixation of mordant 
was indeed somewhat less than in the case of hydrochloric acid. 
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4-5 mols only being required. Excess of nitric acid appeared 
also to induce a somewhat greater degree of reduction of the 
chromium chromate than excess of hydrochloric acid.” 

Here again there is no evidence of any maximum fixation 
of chromium mordant. The only two things which the experi- 
ments prove — and that only qualitatively — are that hydro- 
chloric and nitric acids exhaust the bath more completely than 
does sulphuric acid, and that reduction of chromic acid by 
wool takes place more readily with sulphuric acid than with 
hydrochloric or nitric acid. 

We can now consider what one can predict in regard to 
these matters. It seems probable that wool first adsorbs 
chromic acid, which is not held strongly enough to be a real 
mordant and which is reduced under certain circumstances 
to chromic oxide which constitutes the real mordant. It is 
of no special importance whether there is an intermediate 
formation of a chromium chromate or what that chromium 
chromate is. It is of interest only in accounting for the in- 
termediate color because everybody admits that the chromate 
part of the hypothetical chromium chromate can be washed out 
of the wool and that this substance is not the mordant. It is 
clear that wool will take up less chromic acid from a potassium 
chromate solution than one containing free chromic acid. 
Other things being equal, more chromic acid will be taken up 
the more acid we make the solution; but other things are not 
equal because we cannot add hydrogen ions without adding an- 
ions to correspond. If we add an acid which is adsorbed 
strongly in itself, it will tend to displace the chromic acid. 
This is probably the reason why sulphuric acid does not exhaust 
the bath of chromic acid so rapidly as does nitric or hydro- 
chloric acid. In line with this is the fact that a mixture of 
sodium chloride and sulphuric acid behaves like so much 
sulphuric add and not at all like hydrochloric acid. The 
sulphate ion is apparently an important factor. With in- 
creasing add content there will come a point where the chromic 
oxide formed will be peptized or converted into a soluble acid. 
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It is hard to tell whether this is a factor or not. Hummel and 
Gardner* say that “a careful examination of the waste mordant 
liquors showed that although the exhaustion of the bath ap- 
peared complete when using 4 mols H 2 SO 4 , it really contained 
a notable amount of chromium in the reduced condition.” 

We have now accounted tentatively for all the facts ex- 
cept the difference in the reduction of the chromic acid when 
sulphuric and hydrochloric acids are used. It seems better to 
admit frankly that my knowledge of chemistry is not suiBcient 
to enable me to give a decisive answer on this point. We do 
know that chromic acid is a stronger oxidizing agent the more 
acid the solution. When the reduction is done by the wool, 
the acidity in or at the wool surface is the more important thing. 
If the sulphuric acid is adsorbed more strongly under these 
conditions than the hydrochloric acid, the acidity, and there- 
fore the oxidizing power, may well be greater in the sulphuric 
acid solutions than in the ones containing an equivalent quan- 
tity of hydrochloric acid. This is only a suggestion, however, 
and there are no data. 

Since percentage adsorption of chromic acid will decrease 
with increasing concentration, we should expect any acid to 
exhaust the bath more completely the lower the initial con- 
centration of the bichromate. This is exactly what happens. 
Hummel and Gardner^ found that with one or two percent po- 
tassium bichromate a small addition of hydrochloric acid was 
sufficient to exhaust the bath, while the four percent bath could 
not be exhausted completely by any acid concentration that 
was tried. 

Knecht® points out that “if a large excess of bichromate is 
used, especially in conjunction with sulphuric acid, it exerts 
an injurious effect on some colouring matters by oxidising them 
and destroying their colouring principles, while at the same 
time the fibre is injured. Wool so treated is said to be “over- 

‘ Jour. Soc. Chem. Ind., 14 , 454 (1896). 

» Ibid., 14 , 463 (1895). 

® Knecht» Rawson and Loewenthal: “A Manual of Dyeing/* 266 (1910). 
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chromed.” Small amounts of bichromate *do not exert this 
influence to so large an extent, but the products of oxidation 
diminish the brilliancy of the ultimate colour more or less, 
and the excess of mordant bleeds out and precipitates the 
colouring matter in the dye-bath, and this being taken up 
more or less mechanically by the wool gives rise to colours 
which rub off. The reduction of the bichromate previously 
to dyeing not only prevents this loss from overchroming, but 
also, by checking the decomposition of the colouring matter, 
allows of more brilliant shades being obtained.” 

Reference has already been made to the possibility of 
reducing the chromic acid with sulphurous acid or bisulphite 
but the more customary thing is to use an organic acid instead 
of sulphuric or hydrochloric acid.^ “When sulphuric acid is 
used as the assistant along with the bichrome, then there is 
formed on the wool a deposit of chromic acid and chromium 
oxide, and this exerts an oxidizing effect on the colouring matter 
or dye-stuff, which in some cases, as the Alizarine Blue, Aliza- 
rine Yellow, etc. leads to a destructive effect, and, therefore, 
the production of weak shades, so that it is not possible always 
to use an oxidising mordant. When tartar, argol, oxalic acid, 
lactic acid, and other assistants of an organic nature are used, 
then a different effect is obtained, the bichromate is decomposed 
completely and a deposit of chromium oxide formed on the 
wool. This does not exert any action on the colouring mat- 
ter and hence this mordant is known as the non-oxidising mor- 
dant. It may be pointed out that, when wool is mordanted 
with potassium or sodium bichromate and sulphuric acid 
(oxidizing mordant), it has a deep yellow color, while it has a 
green color when mordanted with bichromate or other chrome 
salt and the assistants enumerated above. One sign of a well- 
mordanted wool is when it has a good bright tone, free from 
yellowness. 

“Of the organic assistants, tartar is undoubtedly the best 
in general use, and, although slow in its action, leaves a good 


^ Beech: ‘'The Principles and Practice of Wool Dyeing," 116 (1902). 
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deposit of oxide df chrome on the wool in a suitable condition 
to develop the best results on dyeing. Argols are only an 
impure tartar. They can only be used when dark shades are to 
be dyed. Oxalic add does not work as well as tartar, and 
there is not so much chrome oxide deposited on the wool, 
while there is a slight tendency for a small proportion of this 
to be in the form of chromic acid. Of late years lactic add and 
lignorosin have been added to the list of assistant mordants ; 
both these give excellent results, they lead to a more complete 
and more uniform decomposition of the bichromate, and 
therefore the mordanting baths are exhausted more completely 
so that rather less bichromate is required; the shades which 
are obtained are in general fuller and brighter.” 

Knecht* says much the same thing. “More brilliant 
colours are obtained when organic adds or add salts (for ex- 
ample, formic or oxalic add or tartar) are used along with the 
bichromate. The latter is partly reduced, and chromic hy- 
droxide formed on the fibre. In this case the wool has a green- 
ish colour, like that of the chromium salts and chromium 
hydroxide. The quantity, however, of organic substances 
usually employed is not always suffident to reduce the whole 
amount of bichromate that is extracted from the bath by the 
fibre. Up to a few years ago tartar was employed most gen- 
erally as an assistant for mordanting with bichromates, three 
percent of bichrome and 2.5 percent of tartar being the usual 
quantities, or, for very dark shades, four percent of bichrome 
add three percent of tartar. Sometimes the oxalic acid was 
used on account of its lower price, although its action as re- 
gards even mordanting and good reduction of the bichromate is 
inferior ; for 3-4 percent of bichrome about 1-2 percent of oxalic 
acid was employed. During the last few years lactic acid, 
lactoline, and lignorosine have come very generally into use ; 
they exert a very good reducing effect, and the mordant is 
satisfactorily and fairly evenly fixed. The proportions recom- 
mended are 2-3 percent of bichrome and 3-5 percent of lactic 

* Knecht, Rawson and Loewenthal: "A Manual of Dyeing,” 256 (1910). 
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acid, with or -without the gradual addition of 1-1,5 percent of 
sulphuric acid; or 1.5 percent of bichrome and 3 percent 
lactoline; or 2.7 percent bichrome, 4-5 percent lignorosine, 
and 1.8 percent of sulphuric acid for dark shades; and for 
light ones, 1.3 percent of bichrome, 2.7 percent lignorosine, 
and 0.8 percent sulphuric acid. Recently formic acid has been 
introduced by S. Kapff^ as a very effective assistant which 
exhausts the chrome bath entirely, and makes it possible to 
mordant even the deepest shades -with only 1.5-2 percent of 
bichrome and the same quantity of formic acid.” 

Matthews* is a good deal worried over the chemistry of 
the process. “Chromium hydrate is a greenish blue body, and 
if this substance were precipitated in the fibre by the usual 
methods of mordanting, the wool should have a greenish blue 
appearance; but as a matter of fact it has a yellow color, 
which is a certain indication that chromium hydrate has not 
been precipitated in the fibre. Indeed, it would be difficult to 
explain, in a chemical manner, just how chromium hydrate 
could be formed by boiling wool in a solution of potassium 
bichromate and tartar or lactic acid, and more so as it is well 
known that certain organic bodies such as sugar, glycerol, 
organic acids, etc, prevent by their presence the precipitation 
of chromium salts. . . . Furthermore if wool is mordanted 
with chrome and lactic acid, the bath at first is yellow, then 
green, and finally colorless, while the wool becomes colored 
only slightly, in spite of the fact that all the chrome has been 
taken up by the fibre. If chromium hydrate were in the 
fibre, the color of the latter should be blmsh green, and if a 
salt of chromium oxide as such were in the fibre, the latter would 
be green.” 

Everybody seems to be against Matthews on the question 
of color. Beech’s statement has already been quoted. Nearly 
thirty years ago Liechti and Hummel® reported on the same 
subject. “Now, when wool is mordanted with three percent 

* Jour. Soc. Dyers and Colourists, 1905, 75. 

’ “Applications of Dyestuffs, 502 (1920). 

’ Jour. Soc. Chem. Ind., 12, 234 (1893). 
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bichromate of potash and 2.5 percent cream of tartar, the fol- 
lowing appearances are observed. At first the tartar merely 
acts as an acid and liberates chromic acid, which as usual is im- 
mediately attracted by the wool. If then the temperature is 
raised to about 60° C, the reductions begin, and in fact upon 
the wool fibre itself, which thus acquires a greenish colour; 
the mordant solution remains of a yellow colour, due to potas- 
sium chromate, and only towards the end of the mordanting 
process does it become pale greenish-yellow and show a faint 
turbidity and an alkaline reaction. The presence of chromic 
hydrate can be detected in the solution by adding clear lime 
water, and a relatively larger proportion of potassium chromate 
is also discernible therein.” 

Since everybody but Matthews knows that chromic acid 
will oxidize tartaric and lactic acids, it is difficult to see what 
he had in mind. It is possible that Matthews meant that chro- 
mic acid does not have much oxidizing power in such dilute 
solutions. Liechti and Hummel' worked ordinarily with ten 
grams of wool in 600 cc of water. If now a solution of three 
percent bichromate and 2.5 percent tartar, referred to wool 
(molecular ratio 1 : 1.3), and as dilute as is usual in mordanting 
(0.5 g and 0.4 g per liter) be boiled for an hour and a half, no 
reduction whatever takes place. “If the solution is evaporated 
to dryness on the water-bath and the residue is then re-dis- 
solved and the solution again evaporated, or if the two dry sub- 
stances mixed together are moistened with a very little water 
and then allowed to act upon each other, being heated on a 
sand-bath, reduction certainly occurs; but it is for the most 
part incomplete. Most remarkable is the fact that the liquid, 
which is of a fine, dark, pure green or olive green colour ac- 
cording to the amount of reduction, shows a strongly alkaline 
reaction and deposits a dirty white powder.” In the presence 
of the wool, however, reduction takes place readily and, for the 
most part, in and on the fiber. This has been shown partic- 
ularly well in the case of oxalic acid. “If wool is impregnated 

> Jour. Soc. Chem. Ind., 12, 242, 334 (1893). 
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with solutions containing oxalic acid and bichromate of potash 
and is steamed, then even one mol oxalic acid produces con- 
siderable reduction and with two mols it is complete. Here 
too, it is evident that the wool itself has assisted materially in 
the reduction for if a solution of one mol bichromate of potash 
with two mols oxalic acid is boiled, one obtained partial re- 
duction only, namely, to chromium chromate and not to chro- 
mic oxide. ’ ’ ‘ ‘Whenever wool is mordanted with bichromate of 

potash with additions of oxalic and tartaric acid, the reduction 
with oxalic acid is invariably less than that with tartaric acid.” 

Liechti and HummeP duplicated their experiments with 
oxalic acid, using tartaric acid as an assistant. ‘‘The chief 
difference noticed is that here total reduction, i. e., green mor- 
danted wool is obtained with ease, and that even large amounts 
of tartaric acid have comparatively less injurious effects than 
oxalic acid. Bichromate of potash with 1-2 mols tartaric acid 
gives somewhat darker colours in dyeing than when bichromate 
alone is employed; with increasing amounts of tartaric acid 
the dyed colour becomes somewhat greener and paler (quer- 
citron bark). The mordanted fents have a dull green colour, 
the intensity of which increases with the use of 1-4 mols tartaric 
acid. Although the waste mordant solution with bichromate 
of potash and four mols tartaric acid had only a pale yellowish- 
green colour and the mordanted wool appeared to be the best 
of the series, the quercitron-dyed colour appears the palest and 
most greenish in tint. 

‘‘If wool is padded in a solution of one mol bichromate of 
potash, one mol of tartaric acid and is then steamed, total reduc- 
tion takes place; on washing with water an alkaline chromic 
oxide salt solution is obtained ; with two mols tartaric acid the 
colour of the wool is grass-green, and the wash-water only very 
slightly alkaline ; with three mols tartaric acid and wool showed 
a violet-grey colour and water extracted chromic oxide salt 
solution having an acid reaction. 

‘‘If a solution of bichromate of potash with the addition 

> Jour. Soc. Chem. Ind., 12, 333 (1893). 
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of only two mols tartaric add is boiled, unlike the case with 
oxalic acid, reduction does occur here, although only on evapo- 
rating. With larger amounts of tartaric add the reduction is 
increased correspondingly, but apparently six mols tartaric add 
are, required to effect complete reduction when boiling 2-3 
hours.” 

These experiments of Liechti and Hummel furnish the 
explanation for the later experiments of Ganswindt.* He 
claims that ten parts of tartar are necessary to effect the com- 
plete reduction of one part of potassium bichromate. This 
may perfectly well be true tmder the conditions of his experi- 
ments for Liechti and Hummel needed six mols (four parts) 
when boiling two to three hours; but that does not justify 
Ganswindt in saying that the use of two and a half parts of tar- 
tar to three of bichromate is utterly foolish and not based on 
chemical knowledge. One can have complete reduction if the 
reduction runs to an end even on the assumption that the tar- 
trate is oxidized only to oxalate: 

KjCrjOr (294.4) -|- KHC4H406(188.1) = Cr^Oa + KjCjOa 
+ KHC2O4 + 2H2O. 

Nobody claims that the bath is exhausted under these 
circumstances. Liechti and HummeP say, for instance, that 
“it is quite certain that wool mordanted with bichromate of 
potash and cream of tartar contains both chromic oxide and 
chromic acid, for by boiling with sodium carbonate one obtains 
a solution of sodium chromate and green coloured wool.” 
The serious mistake that Ganswindt has made is in assuming 
that the amount of reduction would be the same with and with- 
out wool. 

Liechti and Hummel made some interesting experiments 
on the reduction of the bichromate before the wool is added. 
“If wool is boiled with three percent bichromate of potash, one 
percent sulphuric add, and 2.5 percent cream of tartar, the 

' Jour. Soc. Dyers and Colourists^ 1895, 162; "Theorie und Praxis der 
modemen Farberd,” II, 73 (1903). 

* Jour. Soc. Chem. Ind., 12, 336 (1895). 
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wool is decidedly better mordanted; it has a purer and darker 
green colour, and acquires a deeper colour in an alizarin dye- 
bath. If the above-mentioned liquors are previously reduced, 
i. e., apart from the fibre and only then employed for mordant- 
ing wool (instead of adding the several ingredients at once to 
the mordant-bath) one obtains, curiously enough, very poor 
results; the baths contain potassium chromate and a quantity 
of precipitated chromic hydrate, and exhibit an alkaline reac- 
tion. When the mordanted patterns are dyed with quercitron 
bark, the depth of the colour is less than one-third of that ob- 
tained with the fresh unreduced mordant. 

“Our attention was first drawn to this point by noticing 
that poor shades were obtained whenever, in pursuing the 
ordinary course of dye trials, a student had allowed the mixed 
mordant in concentrated solution to stand over night or longer 
before use. A satisfactory, non-oxidizing, chromic oxide 
mordant, ready for immediate use by the dyer, cannot there- 
fore be prepared in this manner. The unfavorable result is 
mainly to be attributed to the alkaline state of the solution 
since tolerably fair results are obtained by adding to the re- 
duced mordant solution the requisite amount of acid, for exam- 
ple, sulphuric acid. This experiment indicates that wool must 
never be mordanted in alkaline baths, a fact afterwards 
substantiated invariably whenever alkaline baths were em- 
ployed incidentally.” 

This last conclusion does not seem to me to be justified by 
the facts. While an alkaline solution may be bad, the real 
difficulty in this case was that the chromic oxide was not pep- 
tized sufficiently and consequently was not taken up satis- 
factorily. 

Liechti and HummeT have made experiments, starting 
with the so-called chromium chromate. “In recent years 
three chromium chromate mordants have been recommended 
for cotton and silk by von Gallois and introduced to the trade 
as chrome mordants, HA I, GA II, GA III, by Messrs. Meister, 

» Jdur. Soc. Chetn. Ind.; 13, 363 (1894). 
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Lucius, and Brtining of Hoechst. It seemed desirable, there- 
fore, to try similar compounds for wool. Experiments were 
made with mixtmes of chrome alum and bichromate of potash. 

The simplest method to obtain a chromium chromate 
seemed to be to follow the equation: 

Cr2(S04)s -j- SKjCrsO? = Cr2(Cr04)3 -I- 3 K 2 SO 4 . 

On mordanting wool with the above mixture, equivalent to 
three percent K2Cr207, the bath quickly became turbid and the 
experiment was not continued. Another experiment in which 
the proportions were in accordance with the equation : 

Cr2(S04)8 -}* 2K2Cr04 = Cr2S04(Cr04)2 2K2SO4 
showed this mixture also to be of no use.” 

Experiments were made with varying amounts of different 
acids and the conclusion was that “the use of solutions of chro- 
mium chromates as mordants for wool seems unpromising. 
Useful results are obtained only when fairly large amounts of 
organic acid are used as well, in which case there is no advantage 
over bichromate of potash. It is well to note that wool mor- 
danted in the manner described always seemed to have a 
pleasant soft feel. 

“In a subsidiary experiment a piece of wool was padded 
with a solution containing one mol chrome alum, one mol 
K2Cr207, and two mols oxalic acid, dried and steamed; it 
thus acquired a dull olive-grey colour, so that here too the re- 
duction was incomplete. Total reduction occurred, however, 
if two mols of tartaric acid were used instead of oxalic acid, 
and the wool acquired a violet-greenish-grey colour rather than 
green, indicating that a chromic oxide salt was present in the 
fibre rather than chromic hydrate. 

“In comparing the two methods of fixing the mordant by 
steaming and by boiling, it is generally found that in the former 
the presence of less acid was needed than in the latter, evidently 
because of the greater concentration of the mordant solution in 
the former case. If in the last-mentioned experiment the acid 
was omitted entirely, the fent acquired a brownish-green 
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colour, pointing to the presence of both CrjOs and CrOa, and 
there was apparently total fixation of the mordant.” 

Though it is outside the scope of this article, one cannot 
help wondering whether the violet color obtained twice by 
Liechti and Hummel may not be the same form of chromic 
oxide which gives the red color to the ruby and to the chrome 
pink glazes. Ganswindt' appears to have got something simi- 
lar, using oxalic acid. “Wool was boiled for an hour and a 
half with three percent potassium bichromate and three per- 
cent oxalic acid. The violet and not the green modification 
of the chromium salts is formed under these conditions. The 
mordanted wool shows a characteristic dichroism. In thin 
layers it is green by transmitted light. In thicker layers, or 
by reflected light, it is violet.” 

Ganswindt^ holds forth in a characteristic manner on 
the addition of lactic acid to bichromate. “The process 
came to us originally from America, where lactic acid was 
first prepared and used technically. The use of lactic acid 
as a reducing agent when mordanting with bichromate was 
advertised in such a typically American manner that lactic 
acid was not taken seriously at first. The American tech- 
nical press told so many good things about the process that 
it seemed worth while to test it. It turned out that lactic 
acid was really a first-class reducing agent for bichromate, 
better than tartar or oxalic acid. In 1896 the firm of C. H. 
Boehringer and Sons began the manufacture of lactic acid 
technically and assigned to the author of this book [Ganswindt] 
the task of working out the details of its commercial applica- 
tion. The fundamental experiments were made with a 70 
percent lactic acid and the original formula was three percent 
bichromate of potash and two and a half percent lactic acid. 
When fifty percent lactic acid was put on the market later, 
the formula was changed to three parts bichromate to three of 
lactic acid. Reduction takes place much more rapidly and at 


* "Theorie und Praxis der modemen Ffirberei,” II, 75 (1903). 

• "Theorie und Praxis der modemen Farberei,” II, 76 (1903). 
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a distinctly lower temperature when lactic acid is used instead 
of tartar or oxalic acid and more chromium is tajcen up by the 
fiber. Dreher changed the original formula to 2.75% bichro- 
mate, 2.5% lactic acid and 25% sulphuric acid; and still later 
to 1.5% bichromate, 3% lactic acid (50% pure), and one 
percent sulphuric add. The idea evidently was that lactic 
add would reduce free chromic add more easily than a potas- 
siutn salt of it. This did actually give an admirable mordant; 
but the addition of sulphuric add is not absolutely necessary. 
The author fGanswindt] has usually had his students work 
with two percent bichromate and three percent lactic add, 
which forces the whole of the chromium on the fiber in a rela- 
tively short time. One can also use 1 .5"-3.0 parts of bichromate 
of potash or soda, 3-5 parts of fifty percent lactic add and three 
parts of thirty percent acetic add (6® Baurn^). Dreher as- 
sumes that the chemical reaction in the mordant bath is the 
oxidation of lactic add by chromic add to acetic and carbonic 
adds; but, in that case, the solution should become violet 
through formation of chromic acetate. This does not happen. 
The originally yellow color of the solution disappears in about 
ten minutes but the solution does not become either green or 
violet, which shows that some other chemical reaction takes 
place. Wool is almost colorless after mordanting with bi- 
chromate and lactic add and shows no sign of yellow, thus 
differing from wool mordanted with tartar or oxalic acid. 
When the mordanting is done properly, the bath is almost 
colorless and chromium cannot be detected in it. The chief 
advantage of the lactic acid mordant is that it forces the chro- 
mium quantitatively on the fiber.” Somebody will of course 
have to find out why chromic oxide does not color wool under 
these conditions ; but, beyond that, this paragraph is interesting 
chiefly for its psychological bearing.- Lactolin is a mixture in 
equivalent parts of potassium lactate and lactic add, thus 
being superfidally analogous to add potassium tartrate. 

A German patent ‘ claims that formic add is the cheapest 

* Zeit. Farben-Industiie, 4 , 159 (1905). 
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and best organic acid to use because it requires no sulphuric 
acid, reduces the chromate so slowly that there is no danger 
of uneven mordanting, and yet fixes the chromium quantita- 
tively on the fiber. This optimistic view is not confirmed en- 
tirely by Whittaker' who recommends using 1-2 percent bi- 
chromate and an equal amount of 85 percent formic acid. 
“Since the reduction of the bichrome with this assistant 
takes place rapidly, uneven dyeings result, unless the mordant- 
ing is carried out carefully. The wool should therefore be 
entered at 140° F (60° C), and the wool worked whilst the 
bath is brought gradually to the boil, then boiling continued 
1-1 .5 hours. The bath will be exhausted of chrome. 

“When bichrome and formic acid are used, it will be no- 
ticed that much less bichrome is used, the whole being pre- 
cipitated on the fibre. The bath is so well exhausted of chrome 
that the same liquor may be used for dyeing as was used for 
mordanting. In no case must the bichrome and assistant be 
dissolved together in a small quantity of water. The assistant 
should be added to the bath just before the wool is going to be 
entered.” 

Wool and ChFomic Salts 

Liechti and Suida* have studied the visible decomposition 
of various chromium salts on boiling or dilution, starting with 
chrome alum and with the sulphates, sulphocyanates, and 
acetates of chromium. As was to be expected, the hydrolysis 
is greater the more basic the solutions. Only those basic 
chromium acetates which contain sulphates are hydrolyzed 
visibly by dilution alone. This is the result of the coagulating 
action of the sulphate ion. Freshly prepared chromium ace- 
tates resist the action of precipitating agents more strongly 
than do solutions which have aged. This merely means that 
there is a time factor in the hydrolysis. 

Liechti and Hummel® have studied the behavior of chrome 

' “Dyeing with Coal Tar Dyestuifs," 52 (1919). 

» Jour. Soc. Chem. Ind., 4, 686 (1886). 

< Ibid., 13, 222, 256 (1894). 



756 


Wilder D. Bancroft 


alum and of other chromium salts with wool. “Among the 
various chromic oxide salts the first to be considered is 
chrome alum, Cr2(S04)s.KjS04.24Hj0. Although seldom or 
never used by woolen dyers, this salt has long been employed 
by calico printers, who already, more than forty years ago, 
recognized the necessity of applying chromium in some other 
form than that of potassium bichromate, wherever, indeed, the 
oxidising property of the latter was found to be injurious, or 
was not beneficial. At one time a very expensive chemical, and 
consequently excluded from use in practice, it has now for 
many years been the custom of the calico printer’s colourist to 
prepare chrome alum by reducing potassium bichromate in 
the presence of sulphuric acid, with glucose, starch, glycerin, 
etc. 

“As early as 1851 C. Koechlin made experiments with 
chrome alum, not only as a mordant for cotton, but also for 
wool. His results appear to have been very unsatisfactory, 
for he says that chrome alum is the least satisfactory of the 
salts from which to obtain the oxide; the nitrate gives bet- 
ter results. For wool (probably woolen printing is meant) he 
recommends the use of chromium acetate with the addition 
of one equivalent of oxalic acid; he finds the oxalate and the 
nitrate to be the best mordants for wool. 

“Gehe recommends chrome alum in place of bichromate, 
because, he says it is cheap, does not make the wool hard and 
brittle, and it gives level colours which do not rub off so much. 
Peissert also prefers chrome alum to bichromate of potash be- 
cause he finds it to yield more level colours, and he recommends 
it to be used with the addition of a little sulphuric acid. Joclet, 
too, recommends chrome alum for wool, and states that the 
fibre absorbs the salt as such, not as a basic salt or as a hydrate. 
He considers that the salt is decomposed in the dye bath only, 
for although the chrome alum is not washed out by cold water 
it can be removed by hot water. The addition of cream of 
tartar he deems to be unnecessary, although it is absorbed by 
wool to the extent of one-fourth the weight of the chrome 
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alum employed. Curiously enough Joclet says that chrome 
colours are not very fast to light. Ganswindt and Kertesz 
recommend the use of cream of tartar as an assistant. D^- 
pierre considers all chromic oxide salts to be inferior mordants 
to bichromate of potash. According to Herzfeld green solu- 
tions of chrome alum give up more oxide to the fibre than 
violet solutions, and he finds it desirable to employ large 
amounts of cream of tartar. Kay and Bastow find, on com- 
paring bichromate of potash with chrome alum as mordants, 
using equivalent amounts, that the latter gives up to the fibre 
twice as much Cr 203 as the former; they also observe that by 
employing larger amounts of chrome alum, e. g., twenty per- 
cent instead of ten percent, less chromium is fixed, e. g., 53.07 
percent instead of G3.87 percent; and wdth the use of three 
percent of tartaric acid the amount fixed is reduced as low as 
30.7 percent. Koepp enumerates the following advantages 
in connection with the use of chromic oxide mordants (referring 
no doubt to the use of chromium fluoride) : the wool preserves 
a soft handle and is readily wetted out and there is no fear of 
over-chroming. Knecht, Rawson and Loewenthal consider 
that part of the chromium sulphate is probably simply ab- 
sorbed by the wool fibre and is not fixed in a permanent man- 
ner, and thus account for the poor results obtained in dyeing. 
Cochenhausen recommends the use of four mols cream of tar- 
tar ; Witt also recommends tartar, but does not find chrome 
alum to be an advantageous mordant. Previous experiments 
in the Yorkshire College dyehouse have shown that cream of 
tartar, tartaric and oxalic acids are all useful assistants with 
chrome alum.” 

“The differences in the opinions expressed regarding the 
value of chrome alum as a wool mordant are due no doubt to 
two causes: — first, the different percentages, reckoned on the 
weight of wool, employed; second, the concentration of the 
mordanting bath and the quality of the water. Here too, as 
in the case of the bichromate of potash mordant, little or no 
attention has been paid to the ratio which ought to subsist be- 
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tween the amounts of colouring matter and mordant em- 
ployed.” 

Unless otherwise specified the ^cperiments of Liechti and 
Hummel were made with ten grams of wool in 600 cc Leeds 
water. Usually ten p^cent of chrome alum (referred to wool) 
was taken which is about equivalent to three percent bi- 
duomate of • potash. When this solution was heated and 
cooled without any wool, there was no turbidity. ■ In presence 
of wool the bath began to become turbid at about 80®-82°, the 
turbidity increasing rapidly so that the solution became 
quite opaque. “The precipitate was excessively fine and had 
by no means the ordinary flocculent character of chromic 
hydrate. Now it has long been known that wool has the 
property of absorbing or attracting in a mechanical manner 
very finely divided insoluble matter in suspension, and this 
featme was shown strikingly in the present instance. Before 
the appearance of the turbidity the wool scarcely showed even 
traces of any green tint; but from this point it rapidly ac- 
quired a yellowish-green colour. At a temperature of about 
95° the solution became clear again and, after boiling a little, 
it was perfectly limpid and almost colourless, the wool having 
mechanically fixed nearly the whole of the precipitate. When 
the bath was allowed to cool, it contained only a small quantity 
of a pale green precipitate, and if the wool was kneaded and 
pressed in the liquor with the fingers a little of the adhering pre- 
cipitate could be removed from it; still even with vigorous 
washing the major portion still remained attached to the wool, 
colouring it a pleasing shade of yellowish-green.” The water 
contained 14.3 percent of the original chromic oxide content, 
so that about 86 percent was partiy fixed on the wool and partly 
in the precipitate. “On repeating the experiment with the 
addition of ten percent sodium chloride to the bath, the decom- 
position was quite complete, for the waste liquor proved to be 
entirely free from chromium. Another experiment in which 
only five percent chrome alum was employed, also showed 
mere traces of chromium in the filtered liquor. A certain re- 
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lationship seems therefore to exist between the amounts of 
wool and of chrome alum, so that, as already stated, when 
using five percent of the latter total decomposition is produced, 
while with ten percent it is affected only to the extent of 85.7 
percent,” 

Analyses of the precipitate gave ratios of 0.836, 0.819, 
0.538, and 0.360 SOs to one of Cr 203 . Liechti and Hummel 
consider that “the varying composition here shown is not sur- 
prising, and it is no doubt caused by the different lengths of 
time taken to heat the bath up to the point of initial turbidity. 
Moreover, the last portions of chrome alum may also become 
insoluble by long-continued heating at the boiling point. 
“Liechti and Hummel average these data and consider that 
the precipitate is a definite compound having the formula 
2Cr2(S04)3(OH)4.Cr206H6 or Cr2O3.0.66SO3. Analyses of the 
solution showed less sulphate percent than there should be. 
Liechti and Hummel therefore conclude that the wool contains 
both a basic sulphate and free sulphuric acid. They say that 
it seems difficult to imagine the presence of basic chromic 
sulphate and of free sulphuric acid in the wool at the same 
time; but the corrections of this view will be established by 
experiments to be cited later on. It may, however, be already 
stated here that long boiling of the wool with excess of hydro- 
chloric acid did not dissolve off the basic sulphate.” In differ- 
ent runs the wool contained 1.9, 2.3 and 1.7 SO3 to one Cr203. 

Experiments with potassium sulphate alone showed no 
adsorption by wool, and chromic sulphate apparently gave the 
same results as chrome alum. When sodium carbonate was 
added to a chrome alum solution, the solution decomposed 
badly and the wool was not well mordanted, although it took on 
a fine sea-green color. Presumably the particles of the chro- 
mium compound were too coarse to adhere well to the wool. 

“In all cases of mordanting wool with acid salts, as was 
already observed lottg ago by Havrez, and referred to more 
recently by Knecht, the presence of ammonia could be de- 
tected in the waste liquors, and this too was observed with 
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certainty, even in the case of the wool mordanted in the cold. 
The ammonia, however, was not estimated quantitatively. 
It is well to point out here that in all the analyses of waste 
liquors given, a portion of the sulphuric add reckoned as in 
combination with chromium is really combined with ammonia. 
It is not unnatural, therefore, to consider that the ammonia 
which is given off from the wool combines with some of the 
SO4 groups of the chrome alum and so effects its decompo- 
sition. This occurs undoubtedly; but only to a limited extent, 
and cannot be accepted as a full explanation of the reaction 
which takes place, otherwise the analyses would not show any 
disappearance of sulphuric add from the waste liquor. To 
avoid any misconception on this point, consider the following- 
typical case a little more in detail. When wool is boiled 
with five percent chrome alum in solution, the decomposition 
of the salt is practically complete, as we have seen. A small 
amount (equal to mol H2SO4) is combined with the pre- 
cipitated CrjOs, so that the waste liquor should contain '“A 
mols H2SO4 capable of being estimated as barium sulphate. 
Such is, however, never the case, as numerous analyses have 
shown; invariably a large proportion of the sulphuric acid is 
wanting, and must, therefore, have been taken up by the 
wool.” 

In order to check up on the results obtained, “an experi- 
ment was made in which chrome alum was titrated with nor- 
mal sodium hydroxide, and it was observed that a first change 
of colour really occurred when one-sixth of the SO3 was neu- 
tralized, and a second change to a decided yellowish-green 
colour was noticed when one-third of the SOa was saturated. 
These observations correspond exactly with the appearance 
noticed during the mordanting process, so that the decomposi- 
tion of the wool can scarcely be explained in any other manner 
than by considering that the wool gradually absorbs the sul- 
phuric acid from the dissociated green solution with the for- 
mation of a more and more basic salt, and that this process 
continues until the wool becomes saturated under the existing 
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conditions. As above shown, this point occurs when about 
85.7 percent of the 10 percent chrome alum presented to the 
fibre is decomposed, and it has already been shown that five 
percent chrome alum is decomposed completely by the wool.” 

In order to determine the effect of increasing concentra- 
tion “wool was mordanted with 10, 15, 20, 25, 30, 35, and 40 
percent chrome alum in the ordinary manner. With increase 
of concentration of the baths their decomposition was dimin- 
ished, as indeed was to be expected on physical grounds, so 
that the solutions containing the largest amounts remained 
perfectly clear. With the increase in the amounts of mordant 
used, the separation and fixing of insoluble basic sulphate dis- 
appeared gradually ; the samples had the appearance of being 
better mordanted, showing signs of having fixed large amounts 
of chromium. Instead of the yellowish-green coloim observed 
before, they had now a violet-greenish grey tint, and they 
gave one the impression that chrome alum as such was in a 
state of solution within the wool fibre. The samples were 
dyed with logw'ood, alizarin, and Persian berries, and the 
colours obtained became darker and darker, corresponding to 
the increasing amounts of chrome alum employed. When 
examined more carefully, however, the colours were seen to 
have an irregular, speckled, or seedy appearance, since sepa- 
rate wool fibres had evidently taken up different amounts of 
mordant, and therefore of colouring matter as well. A mi- 
croscopic examination showed this peculiarity extremely well, 
and fibres of every degree of intensity of colour were to be seen, 
some being colourless, others very dark; indeed, similar 

differences were noticed even in one and the same fibre 

Why different fibres should behave so differently, as is here 
shown, is a moot point ; whether it is due to a mixture of wool 
or whether the mature fibres behave differently to those of more 
recent growth, with respect to their power of absorption of the 
mordant constituents, is not yet determined. It always ap- 
peared, however, as if the coarser fibres had deeper colours 
than the thinner ones. In any case it is very striking that simi- 
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lar marked differences are never met with in wool mordanted 
with bichromate of potash, and explains to some extent the 
preference of practical dyers for this mordant.” 

“With chromic add, i. e., bichromate of potash, it is easy 
to mordant the wool evenly, so that, when examined micro- 
scopically, the individual fibres scarcely differ from each other 
in depth of colour. With the chromic oxide mordants, 
however, such regularity is difficult to attain and is only met 
with in the very best of this dass. No doubt this difficulty 
has to some extent caused practical wool dyers to discard 
chrome alum. With the dyestuffs above alluded to (logwood, 
alizarin and Persian berries) and with the increasing amounts of 
chrome alum, the colors varied respectively from pale grey to 
deep bluish-black, from pale yellowish-claret to a dark dull- 
purple, and from straw-yellow to a brownish-orange.” 

In order to determine the effect of free add, “wool was 
mordanted with ten percent chrome alum plus 0, 1, 2, 3, 4 
mols sulphuric add. In baths Nos. 1 and 2 strong dissocia- 
tion occurred, in No. 3 there was much less, but in Nos. 4 and 
5 the solutions remained perfectly clear; the waste liquor of 
No. 1 appeared almost colourless, but the rest showed a green 
colouration, which became gradually more intense towards 
No. 6. Nevertheless the dyed patterns showed that from 
Nos. 2-5 the amount of chromium increased gradually. Nos. 4 
and 5 giving espedally dark colours. Here too, however, a 
microscopic examination showed very unequal dyeing of the 
different fibres, and the patterns themselves had a ‘seedy' 
appearance, just as when large percentages of chrome alum 
were employed. In individual fibres the tips always appeared 
darker than the roots, i. e., the younger parts of the fibre. The 
same observations were made in the case of unspun lamb’s 
wool scoured in the laboratory, which was tried perchance the 
woolen cashmere employed contained more than one quality of 
wool. Here, too, the use of bichromate of potash gave level 
colours, the irregularities appearing only with the employ- 
ment of the chromic oxide salt.” 
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“Parallel experiments boiling wool with one gram chrome 
alum and 6 cc normal H2SO4 respectively, i. e., equal amounts of 
SO*” showed that practically equal amounts of sulphate are 
adsorbed in the two cases, thus showing “that the decomposi- 
tion of the chrome alum by the wool is really due to the ad- 
sorption of the acid by the fibre.” 

Liechti and Hummel do not explain how, with the constant 
amount of chrome alum, both the solution and the wool can be- 
come richer in chromium with increasing addition of sulphuric 
acid; but it is probable that it is at the expense of the precipi- 
tate which was not fixed on the wool. This makes these re- 
sults practically worthless. 

They “are inclined to share Knecht’s view as expressed in 
his conclusions, viz., that the acid is not combined permanently 
with the wool, although it is certainly very difficult to remove 
the last traces of acid from the fibre. A sample of wool 
boiled with a solution (600 cc) containing 10 cc normal H2SO4 
absorbed 0.314 g. When the squeezed wool was extracted 
as completely as possible with water, and this was neutral- 
ised with normal NaOH, the wool still lying in the liquid, the 
latter invariably became acid again after some time; but 
by neutralising again and again after similar rests, it was 
possible to show the presence in the liquid of the full amount 
of acid originally employed. In another repetition experiment, 
the wool, having absorbed 0.317 g H2SO4, was boiled with water 
for two hours; the liquid was then neutralised with normal 
NaOH, and the operations were repeated till no futher quan- 
tify of sulphuric acid could be extracted: here all the sulphuric 
acid absorbed could be accounted for. Indeed, in both cases a 
little more than 10 cc normal NaOH was required, it is namely 
very difficult to titrate with exactitude in protracted and in- 
termittent operations such as those above, and during the 
intervening time the indicators may have altered slightly.” 

It ■will now be profitable to consider what all this really 
means. It is apparently clear that with bichromate of potash 
we have chromic acid adsorbed at first but not strongly and 
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that this is then reduced to a hydrous chromic oxide which is 
the true mordant. Addition of sulphuric acid cuts down the 
adsorption of chromic acid because of the adsorption of the 
sulphuric acid and increases it because of the increasing 
acidity. What actually happens is the resultant of these 
two factors. With hydrochloric and nitric acids, the effect 
due to increasing acidity is the important one. With chromic 
sulphate or chrome alum, the conditions are quite different 
because of the high sulphate concentration. It seems quite 
reasonable that the wool should adsorb sulphuric acid first, 
setting free a basic sulphate, apparently CraOa.O.fiO SO3, which 
is adsorbed by the wool but which is not the actual mordant. 
The fact that some of this salt appears in the bath shows that 
the heating schedule is wrong. It is probable that faulty 
rate of heating is responsible for the uneven dyeing, because 
alum is used for mordanting wool and the sulphate problem is 
the same in the two cases. The salt that is precipitated first 
with alum is said to be AI2O3.O.5 SO3, and of course it is possible 
that part of the difference in behavior is due to the difference 
in the properties of the basic aluminum and chromium salts. 
Speaking as one' who has no practical knowledge of dyeing 
whatsoever, it seems to me that rinsing with a dilute soda 
solution would be desirable, so as to convert the basic sulphate 
into the oxide. We know that the statement is not generally 
true that alizarin will only dye alumina in presence of lime 
salts. It is true only when the alumina contains sulphate. 
If a mistake like that can persist for years, it is quite probable 
that there are still a good many things about mordanting with 
chrome alum which have been overlooked. Of course the 
increased mordanting with increasing concentration of chrome 
alum is just what one would expect. On the other hand I do 
not see at all why increasing the acid content of a chrome alum 
bath should increase the amount of chromium taken up. It 
cannot be true if the heating is conducted so that there is no 
precipitate formed in the bath because Liechti and Hummel 
admit that the bath is exhausted less completely when more 
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sulphuric acid is added, which is just as it should be. This 
is a striking instance of faulty experimentation and this 
should have been pointed out years ago. 

Liechti and Hummel’ find that chromium chloride and 
chromium nitrate solutions behave quite differently from chro- 
mium sulphate solutions. “It seemed desirable to determine 
carefully the behaviour of chromium chloride and nitrate 
towards wool. These salts were prepared from chrome alum 
in the same manner as the chromium sulphate [by precipi- 
tating with caustic soda and dissolving in acid], in order to be 
quite certain that exactly the same amount of Cr203 was used 
in each case. The chromium chloride bath became yellowish- 
green on heating, but remained perfectly clear throughout. 
The wool acquired a peculiar greenish -yellow tint and had not 
the appearance of being mordanted at all. Analysis showed 
that 86.5 percent of the chromium remained in the waste 
liquor, so that only 13.5 percent was fixed on the wool. The 
waste liquor contained Cr2(OH)2Cli, hence the wool must have 
contained the compound iCr-i -4- 18.3 Cl). This corresponds to 
(Cr203 -1- 9.15 SO3), hence in this case a very acid salt is fixed 
on the wool. The circumstance that here none of the chro- 
mium was precipitated, as was the case with chrome alum, 
is quite in accordance with the fact that both chromium 
chloride and nitrate in solution bear the addition of a large 
proportion of sodium carbonate (up to 2 mols) without a 
precipitate being formed. With chromium nitrate too, a 
very indifferent mordanting of the wool was effected, the ma- 
terial acquiring even a paler greenish-yellow tint. I'he waste 
liquor contained 0.1339 g Cr203, i. e., 87.5 percent of the origi- 
nal amount, so that the wool contained only 12.5 percent.” 

We can, of course, account for the relatively slight mor- 
danting from chloride and nitrate solutions in the same way 
that Liechti and Hummel have done by referring to the marked 
peptizing power of these solutions for chromic oxide and that 
seems the most plausible explanation. In that case, however, 

I Jour. Soc. Chem. Ind., 13, 224 (1804). 
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addition of a moderate amount of soda should have increased 
the mordanting. Doubtless that would have happened ; 
but Liechti and Hummel did not try it, which they should 
have done in view of the fact that they report that adding 
sulphuric acid increases the mordanting with chrome alum. 
It is rather curious that they did not try this, because, in a 
later paper, ‘ they accoimt for the beneficial action of adding 
suitable amounts of organic adds to chrome alum by assuming 
that these acids prevent the precipitation of the basic salt, 
which is their way of saying that the organic acids peptize the 
possible precipitate. On that basis the objection to the chromic 
chloride solution is that it overdoes the peptization. It is 
quite evident that Liechti and Hummel did not see this and I 
am inclined to think that, with our present knowledge, there 
is danger of reading into their papers a good deal more than they 
knew was there. 

“At a very early period dyers must have noticed that when 
wool' is mordanted with alum alone poor colours are obtained 
in dyeing, and in order to avoid this defect they began to add, 
along with it, organic acid, in the form of cream of tartar. 
No doubt its employment in preference to other acids was the 
result of pure empiricism, and who the discoverer was is alto- 
gether unknown. At the present time one endeavours, 
wherever possible, to economise by replacing it with the much 
cheaper oxalic acid.” 

“In the course of the following experiments it was noticed 
that when organic acids were employed along with chrome 
alum for mordanting wool, the green solutions became more 
and more violet according to the amount employed, from 
which it would appear that their addition retards or prevents 
dissociation of the chrome alum. Comparing the effect of 
equivalent amounts of oxalic and tartaric acids the latter 
gives greener solutions, and such as show less tendency to 
become turbid. Closely connected with this is the fact that 
an addition of oxalic acid to the chrome alum solution only 

Liechti and Hummel: Jour. Soc. Chera. Ind., 13, 356 (1894). 
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partially prevents its precipitation by caustic soda, whereas 
an addition of tartaric acid prevents it entirely. Altogether 
the behavior of these two acids towards chrome alum is some- 
what different.” 

“Six fents of wool were mordanted with ten percent 
chrome alum plus 0, 1, 2, 3, 4, 5 cc normal oxalic acid ( =0, 
0.5, 1.0, 1.5, 2.0, 2 5 mols). With increasing amounts of acid 
the dissociation apparent in No. 1 liquor diminishes gradually. 
No. 3 is still fairly turbid. Nos. 4, 5, and 6 are quite clear. 
The dried mordanted fents appear as follows: No. 1 yellowish- 
green, No. 2 similar to No. 1 but less yellow. Nos. 3 and 4 are 
still less yellow. No. 5 has the deepest colour, a greyish-green. 
No. G is slightly paler than No. 5. It is interesting to note that 
in gas light the mordanted fents exhibit a peculiar reddish 
tint, and one is tempted to entertain the opinion that the 
chromium is on the fibre in some peculiar soluble condition. 
The liquors too, with increase of oxalic acid, acquire a reddish 
tint, which may possibly be explained by supposing that a part 
of the chromium has been taken up by the fibre as Cr>(S04)3 in 
addition to free sulphuric acid, and that in the bath there re- 
mains Cr2(C204) as well as Cr2(S04)3. This change of colour 
occurs only during the mordanting process. Notwithstanding 
the presence of the oxalic acid the hot liquor is first green; 
but, while the wool gradually acquires a greyish-green colour, 
the bath becomes more and more violet, appearing distinctly 
red when cold, quite like the colour of pure chromium oxalate. 
On heating chrome alum solution with three mols Na2C204 
without the presence of wool, a violet solution is also obtained, 
shoMung therefore that interaction occurs at least partially; 
here the sulphiuic acid would be taken up by the NaOH in 
place of the wool.” 

“The six fents of the present experiment were dyed with 
twelve percent alizarin, with the result that No. 5, i. e., the 
mordant Cr2(vS04)3 + 2 H2C2O4 gave the best colour. Under 
the microscope No. 1 showed dull red and almost colourless 
fibres, differences which became less apparent from Nos. 2 to 4, 
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and almost disappeared in Nos. 5 and 6. It may be added 
that a much deeper claret colour was obtained if the wool 
mordanted with chrome alum and 2 mols oxalic acid and washed 
was passed, previous to dyeing, through a very dilute sodium 
carbonate solution; for 600 cc water 0.53 g NaaCOa (0.005 
mols).” 

“A further observation may be here cited. The appear- 
ance of the waste dye liquor of No. 5 indicated that it contained 
excess of alizarin and possibly chromium mordant as well, and 
this proved indeed to be the case, since on boiling in it a small 
piece of wool (1.66 g) it acquired a pink colour. Wool mor- 
danted with chrome alum and two mols tartaric acid exhausted 
the dye-bath somewhat more and the waste dye-liquor dyed a 
piece of fresh wool a paler pink than the foregoing in conse- 
quence. Altogether wool mordanted with the addition of 
tartaric acid seemed to be better mordanted, the yellowish- 
green tint being replaced by one of a pure greyish-green.” 

Since oxalic acid and tartaric acid acted so well as addi- 
tions to chrome alum, Liechti and Hummel tried chromium 
oxalate and chromium tartrate as mordants. ‘‘Chromium 
oxalate gave much better results than chrome alum and two 
mols oxalic acid, or than chromium fluoride, and since this 
mordant is comparatively cheap it may be strongly recom- 
mended for use on the large scale. To correct the temporary 
hardness of the water employed, a little sulphuric acid would 
require to be added to the bath. A microscopic examination of 
the fibres supported this favourable view, and it may be added 
that of all the chromium oxide salt mordant baths that of 
chromium oxalate was the best exhausted, and the dye-bath 
following it, in the case of alizarin, was almost entirely ex- 
hausted.” 

Further experiments convinced Liechti and Hummel 
that “the best of all chromic oxide salts as a mordant hitherto 
examined is chromium tartrate; chromium oxalate is almost 

as good, and to be preferred in practice because cheaper 

The difference in action between chromium sulphate and chro- 
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mium tartrate is truly, remarkable, for whereas, the former is 
decomposed almost entirely and scarcely mordants the wool 
at all, the latter mordants it in the best possible manner. 
So far as our present knowledge of the wool fibre goes, it 
seems to us that the cause of this difference lies, first, in the 
greater affinity of the wool for sulphuric acid, and secondly, 
that the organic acids are capable of forming much more basic 
and at the same time soluble compounds than is the case with 
sulphuric acid.” 

“Chromium acetate gave an unlevel yellowish-green col- 
om and the dyed colour was very bad. The microscope 
revealed the greatest differences in colour in the different 
fibres, although chromium acetate is not dissociated, a fact 
which shows clearly that wool can only be mordanted properly 
by chromic salts in add solution. In the case of chrome alum 
alone the differences in colour of the individual fibres were very 
great indeed even in the different parts of the same fibre, but 
by the addition of oxalic acid these differences became less 
marked ; no colourless fibres were seen, at most such as were 
greyish blue and bluish-black.” 

“Chromium fluoride gave an uneven yellowish-green 
colour; the dyed colour was somewhat better than that given 
by chrome alum; blue as well as black fibres were noticed 
under the microscope.” 

“One point worth noting in connection with wool mor- 
danting in the ordinary manner is, that the less acid the 
mordanted wool is, the lower the temperature at which it 
begins to dye. Wool mordanted with chromium oxalate was 
strongly acid, and began to dye with alizarin only at a tem- 
perature of 70 ° C. As soon, however, as the calculated amount 
of calcium acetate was added to the bath, the wool began at 
once to acquire a deep colour and the bath was soon entirely 
exhausted, although it still had an acid reaction at the end of the 
dyeing process, having previously passed through a neutral if 
not even a slightly alkaline condition. It is here plainly evi- 
dent that the acid previously absorbed is slowly bleeding out 
of the dye bath.” 
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Adsorption of Chromie Oxide by Silk 

Silk does not take up chromic oxide as well as wool does.^ 
Liechti and Hummel* mordanted wool with chrome alum and 
obtained a good claret color on dyeing with alizarin; but the 
green color of the mordanted silk was not as intense as in the 
check experiment with wool. Knecht, Rawson and Lowen- 
thal* say that “for the mordanting of silk with chromium com- 
pounds normal or basic chromium salts are used. Bichromate 
does not serve as a mordant proper, although it is used as an 
oxidising agent in the developing of cutch browns.” 

Whittaker* says that “in order to preserve the lustre of 
silk, it is not mordanted in the same way as wool, but in the 
following way : Mordant the silk overnight in a cold bath of 
chromium chloride 32° Tw., work half an hour in a cold bath 
of sodium silicate Tw., and wash thoroughly. By this 
means basic chromium salts are precipitated on the fibre.” 
This is presumably a case of fixing a mordant with silica and 
will therefore be referred to more in detail in a later paper. 
The main thing for the moment is that the general principles 
apply to silk exactly as to wool; but the adsorption by silk 
is less strong. 

Adsorption of Chromic Oxide by Cotton 

Cotton takes up chromic oxide very much less readily 
than silk does. Liechti and HummeP heated cotton with a 
ten percent chrome alum solution (referred to the cotton) and 
obtained no mordanting at all. Knecht, Rawson and Loewen- 
thal® say that “it is difficult to impregnate the vegetable 
fibres with an amount of chromium salt sufficient to obtain a 
full shade. The sulphates, nitrates, acetates, nitrate-acetates, 
etc., have been employed with good results in calico printing; 
but the demand for a good chromium mordant for the dyeing 

^ Ganswindt: “Theorie und Praxis der modernen Farberei/' II, 19 (1903). 

2 Jour. Soc. Chem. Ind., 13 , 223 (1894). 

3 Manual of Dyeing, 258 (1910). 

♦ ''Dyeing with Coal Tar Dyestuffs,” 50 (1919). 

» Jour. Soc. Chem. Ind., 13 , 223 (1894). 

® "A Manual of Dyeing,” 252 (1910). 
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of cotton, especially of cotton yams, has not been completely 
satisfied as yet.” The Hoechst Color Works recommend the 
use of the so-called chromium chromate, dissolved in or pep- 
tized by hydrochloric or acetic acid, and followed by a dilute 
soda bath. Koechlin^ has recommended the so-called alka- 
line chromite solution, which is really chromic oxide peptized 
by alkali. Knecht, Rawson and Loewenthal say that “Koech- 
lin’s alkaline mordant is one of the best chromium mordants 
for cotton which has been proposed. Unfortunately, it cannot 
well be used for yarns on account of its caustic action on the 
hands of the workmen. Another disadvantage is that it can- 
not be used on oiled material, since the oil would be stripped 
from the fibre. Cotton piece goods are saturated with the 
cold liquor on the padding machine, rolled up and left for 

twelve hours, then washed, if possible in running water 

The precipitation takes place by mere contact, and fixing agents 
are useless.” 

The general conclusions of this paper are ; 

1. From bichromate solutions wool first adsorbs chromic 
acid and this is then reduced to chromic oxide, which latter 
forms the true mordant. 

2. Within limits, increasing the acid concentration in- 
creases the amount of chromic acid taken up. This is less 
marked with sulphuric acid than with hydrochloric or nitric 
acid, presumably owing to the adsorption of sulphuric acid by 
wool. 

3. Chromic acid oxidizes organic compounds more readily 
' in presence of wool than when the wool is not there. Sul- 
phuric acid is more effective than hydrochloric or nitric acid 
in causing the oxidation of wool by chromic acid, possibly 
because of higher acidity at the surface of the wool. 

4. When tartar, oxalic acid, lactic acid, or formic acid is 
used as an assistant it is possible that there is no appreciable 
oxidation of the wool. 

5. When wool is mordanted with chrome alum, a basic 


Dingler’s Polytech. Jour., 254, 132 (1884). 
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sulphate is apparently adsorbed first, lliis is said to have the 
composition CrsOg.O.fifi SOt.xH^O. It dianges later to chromic 
oxide, which is the true mordant. 

6. Liechti and Hummel found that addition of sulphuric 
add increases the amount of chromium taken up; but this is 
unquestionably faulty experimentation. Increasing alkalinity 
favors adsorption until the oxide or basic salt becomes too 
coarse. 

7. Liechti and Hummel obtained almost no mordanting 
with chromium chloride solutions; but this result could 
undoubtedly have been changed had they added soda. 

8. Chrome alum gave uneven mordanting' on wool. 
Since one can get even mordanting with alum, this difference 
can not have been due to sulphate and must therefore have 
been due to faulty experimaitation. 

9. Silk adsorbs chromic oxide less strongly than wool does. 

10. Cotton takes up scarcely any chromic oxide from 
chrome alum ; but adsorbs it from an alkaline solution. 

11. It is not known why chromic oxide colors wool gray 
under certain conditions. 

12. There is no evidence of any definite compound being 
formed when wool is mordanted with chromic oxide. It is 
a plain case of adsorption. 

Cornell University 



THE SOLUBILITY OF LIQUIDS IN LIQUIDS. THE 
PARTITION OF THE LOWER ACIDS, PARTICULARLY 
FORMIC, BETWEEN WATER AND VARIOUS ORGANIC 

SOLVENTS^ 

BY NEIL E. GORDON* AND E. EMMET REID 

That some substances dissolve when brought into contact 
with various liquids must have been one of the first observations 
that can be classed as chemical. In the last three decades the 
study of solutions has been the chief occupation of chemists. 
Yet our knowledge of solutions is still far from adequate and 
some of our conceptions are still not clear. 

If we shake a portion of water with oxygen, another por- 
tion with ether, and a third with sugar, assuming constant 
temperature, equilibria are reached and we call the three solu- 
tions saturated, speaking of the concentrations of the three 
solutes in the water as their solubilities. The words ‘ ‘saturated 
and solubility” are used for all, but actually have quite differ- 
ent meanings in the three cases. 

The solubility of the sugar is definite, since in that case 
the solid phase is pure sugar, unchanged in composition and 
concentration by its contact with the water. In the case of 
the oxygen smd water, the only thing that we can determine 
is the ratio of the concentrations of oxygen in the two phases. 
Since the water vapor does not affect the partial pressure of 
the oxygen, this ratio is definite and independent of the water 
vapor present in the gas phase. As previously pointed out* 
while the solubility of the ether is definite, yet the solubility 
that we find is not the true solubility, i. e., the amount of ether 
taken up by water in contact with anhydrous ether. We can 
no more determine the solubility of ether in water than we can 

* Contribution from the Chemical Laboratory of the Johns Hopkins 
University. 

* From dissertation of Neil E. Gordon. 

* Wroth and Reid: Jour. Am. Chem. Soc., 38, 2316 (1916). 
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that of formic aicid, since we cannot have a solution of either 
ether or formic acid in contact with the anhydrous liquid. 
We may hope that sometime a method, or formula, may be 
devised for finding the true, or ideal, solubility of ether in 
water, perhaps from the observed equilibrium of the solution 
of ether in water with one of water in ether, perhaps from 
some other data. 

In the case of solid iodine, where the solubilities are true 
solubilities, Jakowkin^ found the ratio of the solubilities in two 
solvents, Sa/Sb, remarkably near to the partition ratio, Ca/Ct, 
or r, measured with the same two solvents. He further found 
that r changes progressively, approaching more and more 
nearly the value Sa/St as the concentrations of iodine in the 
two solvents increase, i. e., as Ca/Cb approaches Sg/Sb as Cg 
and Cb aproach Sg and Sb. 

As is well known, the partition ratio, r, remains constant 
with changing concentrations, only when the substance par- 
titioned dissolves in both solvents in the same form. Further- 
more, it is stipulated that the two solvents must be absolutely 
insoluble in each other, even when both contain large amounts 
of the common solute. This condition is, of course, never 
more than approximately fulfilled, the disturbing influences 
becoming greater, the higher the concentrations of the solute. 

In the present investigation formic acid has been parti- 
tioned between water and the following solvents: cottonseed 
oil, kerosene, benzene, toluene, xylene, carbon tetrachloride, 
carbon disulphide and bromoform. The so-called solubilities 
of formic acid in these eight solvents and the solubilities of 
these liquids in formic acid have been determined. 

If the solubility figure found for formic acid in benzene, 
say, were the ideal solubility and the partition ratio found 
were correct, then the product of these two should give the 
ideal solubility of formic acid in water which we cannot find 
directly. The ideal solubility from the data obtained from 
these eight solvents should be the same, or, since the several 

‘ Zeit. phys. Chem., 18, 590 (1895). 
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partition ratios vary with the concentrations, the values 
found should tend to approach some one limit, as the concen- 
trations of formic acid in the non-aqueous solvents approach 
the solubilities of formic acid in these solvents. 

In the case of carbon disulphide and water, and in that 
only, the partition ratio remained practically constant with 
changing concentration, being 1606 when the acid in the water 
layer was 8.4% and 1616 when this had increased to 54.8%. 
When carbon disulphide and formic acid are shaken together 
there is 1.28 g of the acid to 100 g carbon disulphide in the 
one layer and 4.66 g carbon disulphide to 100 g formic acid 
in the other. Even in this case 1.28 is not the ideal solu- 
bility of formic acid since the solution was in contact with a 
mixture of 95.55% formic acid and 4.45% carbon disulphide 
and not with the pure acid, but as in this case the mutual 
“solubilities” are the lowest and the partition ratio is the most 
nearly constant, this appears to be, by far, the most favorable 
case. Multiplying 1.28, the “solubility” of formic acid in 
carbon disulphide, by the partition ratio, 1616, we have 2068 
as the ideal solubility of formic acid in water, i. e., 2068 g of 
the acid should be taken up by 100 g of water in contact with 
anhydrous formic acid, a condition which can, of course, never 
be realized. With the other seven solvents the products of 
the several solubilities by the respective partition ratios 
should approach 2068 as the concentrations increase. That 
is the figures in the last columns of Tables 1 and 7-12 should 
approach 2068 as we read down. The results are represented 
graphically in Fig. 1 in which these hypothetical ideal solu- 
bilities are plotted against the percentage of saturation of the 
non-aqueous layer. The curves as drawn extend only to 8%, 
not far enough to include all the points on the kerosene, 
cottonseed oil and bromoform curves. For very dilute solu- 
tions the figures obtained are more or less erratic on account 
of the diflSculties involved in determining the small amounts 
of acid present in even large amounts of the oil layers, e. g., in 
the most dilute solution with carbon tetrachloride the amount 
of formic acid per 100 g of oil was only 0.0038 g. 
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Most of the series were terminated at 65% to 60% of 
formic add in the water layer as it was thought that results 
with greater concentrations could not be trusted on account 
of mutual solubilities of the two solvents in presence of so 
much of the solute. But with cottonseed oil the concentra- 
tion was carried up to 87.2% of formic add in the water layer 
when there was 5.026 g of add per 100 g of the oil layer while 
the solubility of the anhydrous add in the oil is 8.68 g per 
100 g. This gives us a point in the cottonseed oil curve at 58% 
for which the ordinate is 1179 which is well on the way to the 
figure indicated by the carbon disulphide curve. 
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It is interesting to note that cottonseed oil takes up only 
58% as much formic add from an 87% add as from the 100% 
add. On a molecular basis 73% of the molecules are formic 
acid, so it appears that the water in the add is more than a 
diluent: it restrains the 'formic acid molecules from passing 
into the oil layer. A similar inference may be drawn from 
other experiments. In most cases where the water layer con- 
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tains over 50% of formic acid the oil layer takes up only 5% to 
7% as much acid as from 100% formic acid. 

The results with kerosene are regarded as unreliable as 
the oil layer was much colored at the higher concentrations 
indicating some sort of reaction. 

Looking at the figure, there appears to be a tendency for 
the various curves to converge on the carbon disulphide line 
indicating an ideal solubility around 2000, though the bromo- 
form ciuwe is very low down and the one for cottonseed oil has 
a considerable distance to go. The xylene curve appears to 
cross the 2000 line. It is certainly hazardous to extrapolate 
from 6 or 8% to 100%. 



f>etrc£NT 


t 5 X 5 6 T 
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Fig. 2 


In Fig. 2 the same data are presented on a different basis; 
the ordinates are the same but the abscissae are the percentage 
of formic acid in water layer at equilibriiun. On this basis 
the curves are steeper and do not show as much tendency to 
converge though we have the advantage of having to extra- 
polate over a much shorter distance, as all of the curves go 
as far as 55% and one even to 87%. 
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The results obtained do not settle the question but it is 
hoped they do open it. One method of approach has been 
tried: better ones may be foimd. Even by this method more 
measurements are desirable at higher concentrations, with 
other solvents, and with other solutes. The results so far 
obtained have value as partition and solubility measiurements. 
The degrees of association of formic acid in the various solvents 
can be calculated from the variation of the partition ratios. 



As formic acid is a strong acid, its dissociation in the water 
layer influences the partition ratios, but as its lowest concen- 
tration was 0.24 N, at which it is only moderately dissociated 
and, as it turned out, the high concentrations are the ones 
which are of most interest from the present point of view, the 
dissociation may be disregarded. It is interesting to note 
that formic acid shows a real partition ratio in all cases even 
in dilute solution, which is in marked contrast to the behavior 
of silver perchlorate as found by Hill.^ 


* Jour. Am. Ch«n. Soc., 43, 264 (1921). 
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Georgievics^ partitioned formic acid between benzene 
and water. Calculating his results according to our method 
we obtain the following partition ratios : 

%Acid 4.4 5.8 G.7 7.8 8.fi 8.7 13.3 13.3 18.9 23.9 

Ratio 370 201 400 302 264 562 304 347 269 298 

Disregarding the sixth, the average of these is 316 which is 
not far from 292 the average of our results over the same range. 

In addition to the experiments with formic acid, acetic, 
propionic and butyric were partitioned between cottonseed oil 
and water and acetic acid between kerosene and water. The 
partition ratios are plotted in Fig. 3. The proportion of the 
organic acid taken by the water layer increases rapidly as we 
go from formic to butyric. The formic acid curve bends 
sharply upward at about 70% of acid in the water layer. Acetic 
acid has a definite solubility in the oil but propionic and butyric 
have not. Formic is the only one of these that shows limited 
solubility in the other solvents. 

Materials 

Cottonseed Oil: The Wesson oil used was found to have 
an acid reaction. In order to eliminate this the oil was shaken 
with a dilute solution of barium hydroxide for an hotu". It 
was then centrifuged and filtered, when it gave a perfectly 
neutral reaction. 

Formic Acid: This was distilled under reduced pressure 
over anhydrous copper sulphate as suggested by Gamer, 
Saxton and Parker. The pressure used was 120 mm, when 
the acid distilled over at 50°. This method was found to be a 
very satisfactory one. Beginning with an acid 89.2 percent 
pure, the first distillation resulted in am acid 96.5 percent, the 
second 98.2 percent, amd the third distillation gave an acid 
99.99 percent pure. This acid melted at 8.35 ° and had density 
1.2170||.* This anhydrous acid was used for the solubility 
work only. For the partition work, commercial acid was used 

> Zeit. phys. Chem., 84 , 359 (1913). 

» Am. Chem. Jour., 46 , 236 (1911); J., 1886 , 216. 
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since it was found to contain only water. The water it con- 
tained was calculated and added to the weight of water 
taken. 

Acetic Acid: Tike formic acid the commercial acid was 
used for the partition work. For the solubility the acid was 
purified by freezing. It was found that the number of freez- 
ings necessary to render it anhydrous could be cut down by 
introducing a crystal of the acid to prevent too great undercool- 
ing. It melted at 16.7°, and titrated 99.9 percent pure. Its 
density was 1.0445^- 

Propionic and Butyric Acids: These acids mixed in all 
proportions with both oil and water and thus it was not nec- 
essary to make them anhydrous. As their densities and 
titrations showed they contained only water as an impurity, 
they were used without further purification. 

Organic Solvents: First class commercial grades of ben- 
zene, toluene, xylene, carbon tetrachloride, carbon disulphide, 
and bromoform were used. T o insure piuity , the boiling points 
and densities were taken and fbund to agree well with those 
given in the literature. 

Waddell^ found in his investigation that the same partition 
coefficient was given with purified benzene as with commercial 
benzene. 

Standard Solutions: Standard solutions of approximately 
N/10 were prepared, and frequently standardized. The solu- 
tions were kept in large stock bottles from which they 
were siphoned into the bmettes. The barium hydroxide 
bottle and burettes were protected from the air by tubes con- 
taining soda lime. 

Water: Freshly distilled water was used. 

Kerosene Oil: Commercial kerosene oil was distilled 
and the portion obtained between 180° and 260° was used 
in the partition work. It had a density of ,0.79811. 


' Jour. Phys. Chem., 2, 233 (1896), 
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Procedure 

The filling, shaking and centrifuging of the bottles con- 
taining cottonseed oil, water and the respective acids was 
carried out approximately as the former work where the alco- 
hols were used instead of the acids. It seemed necessary to 
shake the acids longer than the alcohols to obtain concordant 
results. The centrifuge was used only with the cottonseed 
oil and water. 

Estimation of Acids in Non-aqueous Solvent Layers. — The 
oil layer containing the acid was drawn off by means of a spe- 
cial pipet, shaped similar to the Ostwald pycnometer. An 
amount of oil was taken out with the pipet sufficient to re- 
quire about 10 cc of the barium hydroxide for neutralization. 
The oil was put into a 180-cc beaker containing about 80 cc of 
distilled water for titration. The oil, with ordinary stirring 
failed to give up its acid promptly, making the titration slow 
and uncertain. A mechanical stirrer was used and this ac- 
celerated the speed with which the acid passed from the oil 
into the water. Even under these conditions the end-point was 
not as accurate as it was in the water. In spite of all efforts 
the acid seemed to have a slight tendency to cling to the oil. 
The other organic solvents were handled similarly. 

Estimation of Acid in Water Layer. — A. small thin-walled 
glass bulb was weighed, partly filled from the water layer, 
sealed and reweighed. The bulb was then broken under water 
to avoid evaporation, and the amount of acid, which it con- 
tained was determined by titration. 

The absolute solubilities of formic and acetic acids in 
cottonseed oil were found by shaking the oil and anhydrous 
acids in the constant temperature bath for four hours, and then 
estimating the amount of acid in the oil layer and the amount 
of oil in the acid layer by the titration method as just de- 
scribed. The absolute solubility of formic acid in the other 
organic solvents used and the solubility of the solvents in the 
formic acid wer6 carried out in a similar manner. 
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Solubilities at 26° 


Formic Acid in Cottonseed Oil 

Cottonseed Oil in Formic Acid 

Sample 

Fotmd 

In 100 g 

Sample 

Found 

In 100 g 

0.3154 

0.0251 

8.65 

0.1656 

0.0013 

0.78 

0.1656 

0.0416 

8.72 


0.0009 

0.79 

0.4437 


8.84 

0.1086 


0.74 



8.50 



0.79 


Av. 8.68 Av. 0.77 


Acetic Acid in Cottonseed Oil 

Cottonseed Oil in Acetic Acid 

0.1421 

0.0508 

55.4 

0.1016 

0.0058 

5.8 

0.0858 

0.0309 

56.3 

0.0996 

0.0055 

5.5 

0.0831 

0.0299 

56.3 

0.0616 

0.0036 

5.7 

0.0684 

0.0245 

55.96 

0.1373 

0.0073 

5.6 

0.1008 

0.0345 

54.3 

0.0894 

0.0050 

5.6 


Av. 55.7 Av. 5.6 


Formic Acid in Benzene 

Benzene in Formic Acid 

i 

Sample 

Found 

In 100 g 

Sample 

Found 

In 100 g 

0.2718 

0.0341 

14.3 

0.1825 

0.0238 

15.0 

0.3300 

0.0416 

14.4 

0.0992 

0.01312 

15.2 

0.3950 

0.0502 

14.5 

0.1455 

0.0189 

14.9 

0.4277 

0.0537 

14.3 

0.0030 

0.0122 

15.4 

0.4197 

0.0527 

14.40 





Av. 14.40 Av. 15.14 


Formic Acid in Toluene 

Toluene in Formic Acid 

0.2815 

0.0284 

11.20 

0.1793 

0.0149 

9.08 

0.3795 

0.0376 

10.98 

0.1323 

0.0110 

9.06 

0.2986 

0.3565 

0.0295 

0.0358 

10.96 

11.17 

0.0851 

0.0071 

9.10 


Av. 11.08 Av. 9.08 


Formic Acid in Xylene 

Xylene in Formic Acid 

0.5440 

0.0442 

8.83 

0.1009 

0.0063 

6.81 

0.3535 

0.0251 

8.70 

0.0790 

0.0057 

7.77 

0.4480 

0.0357 

8.70 





Av. 8.74 


Av. 7.29 
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Formic Acid in Carbon 
Tetrachloride 


Carbon Tetrachloride in 
Formic Acid 


0.1910 

0.0069 

(3.76) 

0.0484 

0.0030 

6.60 

0.3434 

0.0115 

3.45 

0.0934 

0.0062 

6.95 

0.3623 

0.0119 

3.40 

0.0918 

0.0063 

7.31 

0.3158 

0.0105 

3.44 





Av. 3.43 Av. 6.95 


Formic Acid in Carbon 
Disulphide 

Carbon Disulphide in 
Acid 

Formic 

2.4628 

0 0313 

1.29 

0.0631 

0.0604 

4.47 

1.9878 

0.0240 

1.28 

0.1429 

0.1398 

4.85 

2.6070 

0.0311 

(1.21) 




4.7033 

0.0549 

(1.18) 




4.9431 

0.0569 

(1.16) 




7.401 

0.0959 

1.29 





Av. 1.28 Av. 4.66 


Formic Acid in Bromoform 

Bromoform in Formic Acid 

1.9684 

0.0475 

2.47 



25.2 

1.2830 

0.0310 

2.47 


0.0220 

25.4 

3.2351 

0.0767 

2 42 

! ! 




Av. 2.45 Av. 25.3 


Formic Acid in Kerosene i 

Kerosene in Formic Acid 

Sample 

Found 

In 100 g 

Sample 

Found 

In 100 g 

3.3003 

0.0294 

0.899 

0.1003 i 

0.0015 

1.52 

2.9977 

0.0207 

0.905 

0.0681 

0.0011 

1.60 


Av. 0.897 Av. 1.56 


Acetic Acid in Kerosene 

Kerosene in Acetic Acid 

1.0690 

0.7638 

0.1909 

0.1367 

21.74 

21.80 

0.0735 

0.0802 

0.0082 

0.0088 

12.6 

12.3 


Av. 21.77 Av. 12.4 
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Paptitlon Expertments 

The results are given in the tables beloar, no completed 
determination being omitted, the first column showing the final 
percentage of acid in the water layer, the next three the amounts 
of water, oil and acid weighed in, while the fifth and sixth give 
the amounts of acid found in the two layers, the sum of these 
should equal the weight of acid in column four. In the sev- 
enth is found the molecular partition ratio or the acid dissolved 
by 1 mol. of water divided by that dissolved by 1 mol. of the oil. 
The m, wt. of cottonseed oil was assumed to be 885. In the 
case of kerosene this ratio is o m itted. The next column gives 
the partition ratio for equal weights of water and oil and the 
last gives this weight ratio multiplied by the solubility of the 
acid in the oil when this is known. 


Table 1 

Partition of Formic Acid between Cottonseed Oil and Water 


% 

Add 


B 

B 

Weight add in 

Partition ratios 

Weight 

ratio 

X 8.68 

Water 

Oil 

Molec- 

ular 

Weight 

1.1 

15.42 

66.85 

0.183 

0.169 

0.0115 

1.29 

63.6 

552 

2.3 

16.94 

70.53 

0.423 

0.399 

0.0253 

1.33 

65.7 

570 

3.7 

14.57 

75.37 

0.595 

0.556 

0.0430 

1.36 

66.8 

580 

4.2 

22.54 

72.63 

1.036 

0.990 

0.0471 

1.38 

67.8 

588 

5.5 

22.66 

67.69 

1.385 

1.326 

0.0592 

1.36 

66.9 

581 

8.1 

12.05 

81.52 

1.163 

1.064 

0.1064 

1.38 

67.7 

588 

12.7 

27.00 

63.19 

4.077 

3.945 

0.1224 

1.54 

75.4 

654 

14.4 

6.84 

5.91 

1.166 

1.152 

0.0130 

1.56 

76.5 

664 

20.9 

13.11 

20.47 

3.556 

3.470 

0.0680 

1.62 

79.7 

692 

30.3 

5.57 

6.576 

2.500 

2.429 

0.0323 

1.87 

91.9 

798 

32.4 

12.62 

22.87 

6.168 

6.045 

0.1192 

1.81 

88.8 

771 

51.1 

4.54 

5.051 

4.827 

4.747 

0.0563 

1.91 

93.9 

815 

62.5 

3.65 

5.857 

6.258 

6.087 

0.0997 

1.99 

97.9 

850 

71.3 

3.16 

4.981 

8.043 

7.854 

0.1241 

2.03 

99.5 

864 

80.7 

1.79 

6.102 

7.720 

7.463 

0.2222 

2.34 

114.8 

996 

86.3 

0.799 

7.728 

5.493 

5.023 

0.3705 

2.67 

131.1 

1138 

87.2 

0.728 

8.589 

5.894 

4.972 

0.4317 

2.76 

135.8 

1179 
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Table 2 

Partition of Acetic Acid between Cottonseed Oil and Water 


% 

Acid 

Water 

Oil 

Acid 

Weight acid in 

Partition ratios 

Weight 

ratio 

X65.7 

Water 

Oil 

mgm 

Weight 

1.9 

25.84 

68.32 

0.544 

0.5105 

0.03f)3 

0.757 

37.2. 

2071 

2.1 

24.32 

66.23 

0.550 

0.5130 

0.0364 

0.781 

38.4 

2137 

2.4 

26.70 

65 . 86 

0.696 

0.6504 

0.0463 

0.705 

34.6 

1930 

7.5 

27.51 

71.33 

2.408 

2.238 

0.1711 

0.690 

33.9 

1888 

8.2 

26.31 

64.31 

2.513 

2.340 

0.1718 

0.671 

33.4 

1859 

12.7 

26.68 

68.80 

4.185 

3.877 

0.3006 

0.677 

33.3 

1853 

14.1 

28.28 

69.97 

4.9751 

4.636 

0.3471 

0.672 

33.0 

1840 

16.2 

24.75 

67.27 

5.195 

4.791 

0.3940 

0.673 

33.1 

1841 

28.9 

13.13 

25.64 

5.673 

5.345 

0.3177 

0.667 

32.9 

1830 

31.8 

11.13 

25.35 

5.534 

5.178 

0.3453 

0.695 

34.2 

1903 

46.9 

4.38 

5.950 

4.044 

3.875 

0.1424 

0.752 

36.9 

2059 

50.9 

4.360 

6.064 

4.729 

4.516 

0.1720 

0.743 

36.5 

2035 

62.1 

1.387 

7.574 

2.586 

2.270 

0.3118 

0.809 

39.7 

2212 

70.2 

1.001 

7.572 

2.794 

2.361 

0.4311 

0.843 

41.4 


81.8 

1.958 

5.975 

9.574 

8.827 

0.6483 

0.845 

41.5 

2314 


Table 3 

Partition of Propionic Acid between Cottonseed Oil and Water 


% 

Acid 

Water 

Oil 

Acid 

Weight acid in 

Partition ratios 

Water 

Oil 

Molecular 

Weight 

3.4 

38.15 

48.33 

1.620 

1.347 

0.2819 

0.123 

6.05 

7.4 

39.75 

42.39 

3.836 

3.165 


0.104 

5.13 

14.3 

20.05 

20.09 

4.045 

3.. 335 



4.62 

23.0 

15.09 

20.88 

5.855 

4.502 

1..358 

0.093 

4.59 

36.2 

3.416 

7.705 

2.744 

1.938 


0.114 

5.60 

59.8 

2.988 

5.516 

5.311 

4.438 


0.186 

9.14 

62.5 

0.8750 

7.750 

2.853 

1.458 

1.366 

0.192 

9.45 

67.3 

0.4755 

8.919 

2.873 

0.979 

1.874 

0.199 

9.79 
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Table 4 

Partition of Butyric Acid between Cottonseed Oil and Water 


% 

Acid 

Water 

Oil 

Acid 

Weight acid in 

Partition ratios 

Water 

Oil 

Mblecular 

Weight 

2.7 

16.135 


0.747 

0.4526 

0.2764 

0.0508 

2.495 

5.0 

16.568 


1.612 



0.0369 

1.813 

9.2 

6.530 


1.164 



0.0276 

1.355 

14.0 

3.139 

0.755 

1.308 


0.7880 

0.0284 

1.395 

30.5 

3.911 

6.597 

3.458 

1.714 

1.692 

0.0348 

1.709 

41.3 

1.802 



1.268 

1.948 

0.0484 

2.380 


Table 5 

Partition of Formic Acid between Kerosene and Water 


% Acid 

Water 

Oil 

Acid 

17.9 

10.634 

65.717 

2.324 

30.9 

9.801 

72.723 

4.452 

38.9 

9.778 

65.189 

6.283 

43.2 

2.547 

7.422 

1.945 

59.8 

2.725 

5.645 

4.160 

66.3 

3.153 

30.950 

6.400 


Weight acid in 

Partition 
ratio 1 
Weight 
ratio 

Weight 

ratio 

X 0.897 

Water 

CHI 

2.316 

0.00648 

2209 

1981 

4.388 

0.01586 

2052 

1841 

6.224 

0.02146 

1933 

1734 

1.936 

0.00308 

18;jl 

1642 

4.060| 

0.00714 

1180 

1058 

6.200! 

0.05358 

1136 

1019 


Table 6 

Partition of Acetic Acid between Kerosene and Water 


% Acid 

Water 



9.1 

7.110 

32.024 

0.730 

17.0 

6.027 

30.676 

1.392 

27.2 

6.786 

29.831 

2.665 

46.9 

2.503 

8.479 

2.330 

59.2 

2.819 

6.243 

4.273 



Partition 

ratio 

Weight 

ratio 

Weight 

ratio 

X 21.77 

Water 

Oil 

0.7127 

0.02164 

1483 

WjBBM 

1.236 

0.05796 

1086 


2.532 

0.1332 

836 

Ml! jSii 

2.214 

0.09804 

765 

16700 

4.089 

0.1217 

744 
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Table 7 

Partition of Formic Acid between Benzene and Water 


vr 

/o 

Acid 

Water 

1 Oil 

1 

Acid 

Weight acid in 

Partition ratios 

Weight 

ratio 

X 14.40 


Oil 

Molec- 

ular 

Weight 

5.3 

20.61 

74.21 

1.138 

1.146 

0.0126 

75.1 

327 

4710 

6.4 

11.46 

89.07 

0.742 

0.716 

0.0175 

73.5 

319 

4590 

9.9 

19.96 

82.54 

2.195 

2.192 

0.0329 

63.5 

275 

3960 

13.6 

21.71 

65.42 

3.444 

3.432 

0.0382 

62.4 

270 

3890 

18.5 

28.39 

51.66 

6.506 

6.437 

0.0434 

62.3 

270 

3890 

29.2 

10.30 

28.71 

4.395 

4.258 

0.0449 

61.0 

264 

3810 

41.2 

12.71 

32.92 

9.126 

8.894 

0.1060 

50.8 

220 

3170 

58.2 

3.272 

40.73 

5.096 

4.695 

0.3279 

41.1 

178 

2570 


Table 8 

Partition of Formic Acid between Toluene and Water 


% 

Acid 

Water 

Oil 

Acid 

Weight acid in 

Partition ratios 

Weight 

ratio 

X 11.08 

Water 

Oil 

Molec- 

ular 

Weight 

5.3 

21.04 

79.04 

1.174 

1.177 

0.0118 

74.0 

378 

4190 

7.9 

20.43 

64.20 

1.799 

1.761 

0.0158 

68.5 

350 

3880 

16.5 

10.319 

88.00 

2.086 

2.039 

0.0498 

68.5 

349 

3870 

31.0 

9.210 

84.70 

4.257 

4.148 

0.1166 

64.0 

327 

3620 

41.7 

5.618 

30.87 

4.181 

4.019 

0.0837 

52.8 

270 


59.7 

3.276 

32.68 

5.186 

4.8341 

0.2391 

39.5 

202 

2230 
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TABtB 9 

Partition of Formic Acid between Xylene and Water 


% 

Add 

Water 

Oil 

Acid 

Weight acid in 


Weight 

ratio 

X 8.74 

Water 

Oil 

Molec- 

ular 

Weight 

5.0 

10.42 

83.55 

0.561 


0.0190 

39.7 

233 

2040 

6.1 

9.867 

94.58 

0.559 


0.0225 

38.6 

228 

1990 

8.6 

11.24 

86.25 

1.185 

1.158 

0.0362 

41.6 

245 

2140 

9.6 

9.891 

76.12 

1.066 

1.047 

0.0319 

42.8 

252 

2210 

15.0 

10.41 

71.74 

1.889 

1.835 


52.4 

308 

2690 

16.6 

10.85 

79.05 

2.036 


0.0439 

56.5 

334 

2920 

25.6 


67.34 

3.576 



50.8 

299 

2610 

26.4 


69.27 

3.795 

3.697 


54.5 

321 

2800 

40.4 

6.136 

30.60 


4.17] 


51.8 

305 

2660 

41.2 

5.881 


4.248 

4.125 


47.2 

278 

2430 

55.2 

3.870 

29.86 

5.036 

4.760 

0.1498 

41.9 

246 

2160 

55.7 

3.994 

38.84 

5.382 

5.026 

0.1923 

43.1 

254 

2220 

60.3 

2.660 

84.32 

4.830 

4.036 

0.5611 

38.7 

228 

1990 


Table 10 

Partition of Formic Acid between Carbon TetracWoride and Water 


% 

Add 




Weight acid in 

Partition ratios 

Weight 

ratio 

X3.43 

Water 

Oil 

Acid 

Water 


Molec- 

ular 

Weight 

5.8 

10.291 

120.3 

0.6534 

0.635 

0.00456 



5590 

8.6 

9.978 

107.4 

0.9572 

0.942 

0.00861 

1380 

1180 

4040 

17.5 

9.908 

135.6 

2.135 

2.102 

0.01541 


1870 

6410 

20.9 

10.175 

125.0 

3.792 

3.747 

0.03416 



4620 

43.2 

6.160 

67.76 

4.617 

4.506 

0.04213 

1380 


kh 

58.9 

3.299 

61.08 

4.873 

4.735 

0.1040 


840 

2890 
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Table 11 

Partition of Formic Acid between Carbon Disulphide and Water 


% 

Acid 




Weight acid in 

Partition ratios 

Weight 

ratio 

X1.28 



Add 

Water 

Oil 

Molec- 

ular 

Weight 

4.8 

10.24 

122.6 

0.514 

0.512 

0.00390 

3720 

1570 

1991 

8.4 

10.48 

115.3 

0.981 

0.965 

0.00661 

3800 

1606 1 

2056 

14.6 

11.36 

122.0 

1.962 

1.942 

0.01281 

3850 

1628 

2084 

25.7 

10.21 

112.0 

3.583 

3.536 

0.02403 

3820 ; 

1614 

2066 

41.6 

5.406 

125.3 

3.966 

3.850 

0.05497 

3840 

1623 

2077 

54.8! 

6.244 

121.7 

7.763 

7.565 

0.09122! 

3830 

1616 

2068 


Table 12 

Partition of Formic Acid between Water and Bromoform 


% 

Acid 

1 




Weight acid in 

Partition ratios 

Weight 

ratio 

X 2 45 

Water 

Oil 

Acid 

Water 

Oil 

Molec- 

ular 

Weight 

3.1 

9.748 

243.0 

0.5734 

0.3084 

0.2771 

1.98 

27.8 

68 

6.9 

10.28 

189.1 

1.123 

0.7613 

0.3407 

2.93 

41.1 

101 

10.8 

11.03 

177.1 

1.660 

1.336 

0.3121 

4.87 

68.7 

168 

23.1 

10.39 

192.3 

3.898 

3.123 

0.7580 

5.43 

76.3 

187 

39.0 

5.286 

53.51 

3.792 

3.378 

0.3630 

6.70 

94.2 

231 

53.6 

3.430 

58.99 

4.762 

3.960 

0.7142 

6.79 

96.3 

236 


Summary 

Formic acid has been partitioned at 25® between water and 
cottonseed oil, kerosene, benzene, toluene, xylene, carbon 
tetrachloride, carbon disulphide and bromoform. Acetic acid 
has been partitioned between water and cottonseed oil and 
kerosene, and propionic and butyric acids between cottonseed 
oil and water. The solubilities of these acids have been de- 
termined in the solvents named and vice versa so far as 
these were limited. 

An attempt has been made to get clearer ideas of the 
relations involved when liquids are miscible in all proportions. 

Baltimore, Md. 






THE MORDANTING OF WOOD WITH POTASH ALUM 


BY W. W. PADDON 

Although potash alum is one of the most common mor- 
dants used in the dyeing industry, little is known regarding its 
real action and the composition of the mordant on the fibre. 

Knecht^ states that, “it appears that not only the hy- 
droxides but true basic aluminum salts are deposited by the 
mordanting process in the fibre.” The only evidence given 
in support of this view is the fact that on dyeing well- washed 
wool with alizarin, the spent liquors invariably show an acid 
reaction. It is, however, unnecessary to postulate the pres- 
ence of sulphuric acid in chemical combination, for adsorbed 
sulphuric acid should be displaced by the alizarin with equal 
readiness. 

Fiirstenhagen and Appleyard,* give data to show that the 
amount of sulphate in the fibre remains constant when mor- 
danted from solutions of potash alum containing 10 to 20% 
of the alum on the weight of the wool. No information is given 
to show whether the sulphuric acid is adsorbed by or com- 
bined chemically with the alumina. 

Havrez* and von Georgievics'* are of the opinion that 
from baths containing above 24% of potash alum on the weight 
of the wool, alumina and sulphuric acid are adsorbed in the 
same relative amounts as they occur in Al 2 (S 40 ) 3 . Up to 
24% the amount of sulphmic acid taken up by the wool in- 
creases relatively to the wool as the concentration rises. 

None of these investigators have determined the amounts 
of both alumina and sulphuric acid removed by wool from 
potash almn baths of different concentrations. Data of this 
nature have been found in the following way. 

1 Knecht, Rawson, and Lowenthal: “A Manual of Dyeing/* p. 237 (1910). 

* Fiirstenhagen and Appleyard: Jour. Soc. Dyers and Colourists, 1888, 106. 

® Chem. Centralblatt, 1874, 696. 

^ Jour. Soc. Chem. Ind., 14, 653 (1895). 
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Two-gram samples of well-washed wool were boiled for 
1 hour in baths of potash alum of var)dng concentrations 
After the one hour, the wool was removed when hot and an 
aliquot portion of the bath analyzed in the usual gravimetric 
manner for aluminum and for sulphates. The results have been 
expressed both in grams and in percentages referred to the alum 
and to the wool, the aluminum as AI2O3 and the sulphuric acid 



as SO3. In the baths of higher concentrations, it was noticed 
that, upon boiling, a precipitate formed on the bottom of the 
flasks. This precipitate was found to contain aluminum, with 
only slight traces of sulphates. The amount of this aluminum 
was determined and added to the amount already found in 
each case to have been left in the bath. The values obtained 
are tabulated below. 
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Tabls 1 


% Potash alum on 
weight of wool 

‘Orig. cone. AI2O1 
grams/2^ cc 

End cone. AlsOa , 
grams/2d0 cc 

Grams AlieOs adsorbed 
per 2 g wool 

5.12 

0.0112 

0.0035 

0.0077 

10.25 

0.0225 

0.0101 

0.0124 

15.37 

0.0337 

0.0215 1 

0.0122 

20.50 

0.0450 

0.0348 

0.0102 

25.62 

0.0562 

0.0476 

0.0086 

30.75 

0.0676 

0.0614 1 

0.0062 

% Potash alum on 
weight of wool 

. Orig. cone, 
g SOi/250 cc 

1 End cone, 

g SO8/250 cc 

Grams SO* adsorbed 
per 2 g wool 

5.12 

0.0346 

0.0224 

0.0122 

10.25 

0.0692 

0.0511 

0.0181 

15.37 

0.1037 

0.0815 

0.0222 

20.50 ■ 

0.1383 

0.1141 

0.0242 

25.62 

0.1730 

0.1461 

0.0269 

30.75 

0.2075 

0.1811 

0.0264 


10.77% AlgOs and 33.7% SO 3 in potash alum. 


% Potash alum 
on weight of 
wool 

AbOa referred to alum 

AI2O8 referred to wool 

Cone, in % 

% in soln. 

% in wool 

% in soln. 

% in wool 

5.12 

3.3 

7.4 

0.17 

0.38 

10.25 

4.8 

5.9 

0.49 • 

0.60 

15.37 

6.8 

3.9 

1.07 

0.60 

20.50 

8.3 

2.4 

1.74 

0.49 

25.62 

9.1 

1.6 

2.38 

0.42 

30.75 

9.8 

0.9 

3.07 

0.30 

% Potash alum 


1 



on weight of 

SOs referred to alum 

SOa referred to wool 

wool 





Cone, in % 

% in soln. 

% in wool 

% in soln. 

% in wool 

5.12 

21.8 

11.9 

1.1 


10.25 

24.9 

8.8 

2.5 


15.37 

26.5 

7.2 

4.1 


20.50 

27.8 

5.9 

5.7 


25.62 

28.5 

5.2 

7.3 


30.75 

29.5 

4.2 

9.1 
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The data have been plotted in the form of the curves 
shown. In the case of the SO3, a smooth curve is obtained, 
indicating the adsorption of SO3 by the wool and the absence of 
sulphate compounds in the mordanted wool. In the case of 
alumina, the curve is likewise free from sudden breaks that 
would indicate the formation of chemical compounds. It 
passes through a peculiar maximum. This is probably due 
to the fact that considerable alumina was precipitated on boil- 
ing, presumably as Al(OH) 3 , and the concentration of the 
alumina in the bath, as far as the wool was concerned, was 
considerably altered thereby. 

As far as the data obtained in these experiments are con- 
cerned there is no basis for Knecht’s belief in the presence of 
basic alum i num compounds on the fibre. The formation of 
such compounds would evidence itself as sudden breaks in 
the adsorption isotherm. No such breaks were found. Fiir- 
stenhagen and Appleyard, in obtaining their results, appar- 
ently took into account only the SO3 present in Al 2 (S 04)3 of 
the potash alum and neglected both in their analytical work 
and their calculations the SO3 present in the K2SO4 of the 
alum. Above cone, of 20% of ahun on the weight of the wool, 
the amount of SO3 adsorbed is quite constant, but this does not 
indicate the formation of a basic sulphate for at the same con- 
centrations the amount of alumina adsorbed steadily de- 
creases, and morover the SO3 adsorption isotherm shows no 
sudden break. 

It can therefore be concluded that the mordanting of wool 
with potash alum does not lead to the formation of definite 
chemical compounds on the fibre, but that it is strictly an ad- 
sorption phenomena, involving both alumina and sulphiuic 
acid. 

This work was carried out under the direction of Pro- 
fessor Bancroft, and was made possible by a grant from the 
Chemical Foundation. 


Cornell University 
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Fluidity and Plasticity. By Eugene C. Bingham, 21 X 15 cm; pp. xi 
- 1 - 440. New York and London: McGraw-HUl Book Company, IQ22. Price: 

. 00 . — In the preface the author says that “even from the first the flow of 
liquids has been a subject of practical importance, yet the subject of Hydraulics 
has never become more than an empirical subject of interest merely to the engi- 
neer. Unfortunately the theory is complicated in that the flow of matter may 
be hydraulic (turbulent), viscous (linear), or plastic, dependent upon the con- 
ditions. It was in 1842 that viscous flow was first differentiated from hydraulic 
flow, and only now are we coming to realize the important distinction between 
viscous and plastic deformation.** 

The first part of the book deals with viscosity and the chapters are entitled : 
methods of measurement; the law of Poiseuillc; the amplification of the law 
of Poiseuille; viscosity as a definite physical quantity; the viscometer. The 
second, and much longer, part deals with fluidity and plasticity and other physical 
and chemical properties. The chapters are entitled; viscosity and fluidity; 
fluidity and the chemical composition and constitution of pure liquids; fluidity 
and temperature, volume, pressure — coUisional and diffusional viscosity ; fluidity 
and vapor pressure; the fluidity of solutions; fluidity and diffusion; colloidal 
solutions; the plasticity of solids; the viscosity of gases; superficial fluidity; 
lubrication; further applications of the viscometric method. In addition 
there are appendices on practical viscometr 5 ^ practical plastometry, technical 
viscometers, and the measurements of Poiseuille.** 

The author distinguishes three kinds of flow, p. 4. 'Tt is characteristic 
of viscous or linear flow that the amount of deformation is directly proportional 
to the deforming force, and the ratio of the latter to the former gives a measure 
of viscosity. It has been questioned at times whether this ratio is truly constant, 
but it appears that only one qualification is necessary. In very viscous sub- 
stances time may be necessary for the flow to reach a steady state, aside from any 
period of acceleration, because the viscous resistance develops slowly with sub- 
stances like pitch, so that the above ratio gradually increases when the load is 
first put on; but, even in this case, the ratio finally reaches a value which is 
independent of the amount of the load. As, however, the deforming force is 
steadily increased, a point may be reached where the above ratio suddenly 
decreases. At this point the r%ime of turbulent or hydraulic flow begins . 
There are substances, on the other hand, for which the value of the above ratio 
increases indefinitely as soon as the deforming force falls below a certain mini- 
mum. These substances are said to be plastic. In plastic flow it is generally 
understood that a definite shearing force is required before any deformation 
takes place; but it has not been established whether this is strictly true or not.** 
On p. 61 the author says that “in expressing viscosities, it is possible to 
secure simultaneously the advantage of expression in absolute units with the ad- 
vantages of viscosities relative to some common substance as standard. It is 
proposed to name the absolute unit of viscosity after Poiseuille the *poise,* and 
consequently the submultiple of this unit, which is one-hundredth as large. 
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the 'centipoise' (cp). It so happens that one centipoise is almost exactly the 
viscosity of water at 20® C; hence absolute viscosities expressed in centipoises 
are also specific viscosities referred to water at 20® C expressed as standard. 
To be sure the viscosity of water is not exactly one centipoise at 20® C; but as 
1 .005, which is unity within the limits of possible experimental error in ordinary 
measurement.” 

One of the two main theses which the book tries to establish is stated on p. 
83. ” There are numerous reciprocal relations besides viscosity and fluidity, 

such as electrical resistance and conductance, or specific heat and heat capacity, 
or specific gravity and specific volume. It has been pointed out repeatedly 
that if one of these is additive, its reciprocal cannot be. It is singular enough 
that among all of these reciprocal relations, viscosity is the only one for which 
the decision has not been reached as to whether viscosity is additive or not, 
or if it is under what conditions. In electricity for example we have absolutely 
no doubt but that resistances are additive under certain conditions, viz., when 
the conductors are in series, and likewise that conductances are additive under 
other equally definite conditions, viz., when the conductors are in parallel. It 
seems probable that the present unsatisfactory condition as regards viscosity 
has arisen due to the extraordinary sensitiveness of this property to molecular 
changes in fluids, either combination or dissociation ” The conclusion reached 
is that viscosities are additive in emulsions and fluidities in solutions. Unfor- 
tunately, the two cases grade one into the other, .so this cannot be used as a test 
for the occurrence of colloidal solutions, even if one knew the viscosity of the dis- 
persed phase. 

On p. 145 the author explains why the fluidity of a liquid is proportional 
to the free volume “When the molecules of a liquid are closely packed, the 
volume reaches its minimum value and the fluidity is zero. With tetrahedral 
close-packing of the molecules, shear would require rupture of the molecules 
themselves. If there are pore spaces between or within the molecules, they do 
not give rise to fluidity, so that the molecules somewhat resemble close-fitting 
solid figures. As the fluid expands, due to molecular agitation, the volume of 
the molecules themselves, i. e., the inner molecular volume may remain the same, 
but the ordinary, i. e., the outer molecular volume increases. The law states 
that the fluidity originates solely in the free space which is the difference between 
the outer molecular volume, or the volume occupied by the molecules, and the 
inner molecular volume or the space filled by the molecules in the sense indicated 
above. Given two substances with the same outer molecular volume, it is evi- 
dent that the one with the larger molecular kernel will have the smaller fluidity. 
It is therefore natural to expect that the limiting molecular volumes should be 
additive as Batschinski has found to be the case. This opens the way to a study 
of the relation between fluidity and chemical composition and constitution which 
is most fascinating. It is very simple to measure the outer molecular volume, 
and if this with the fluidity will give a certain and easy method for determining 
the inner molecular volume, it is a result much to be desired. It is apparent 
that density and fluidity determinations should go hand in hand.” 

There is an interesting discussion of emulsions and emulsion colloids on 
p. 210. ”In our discussion of the critical solution temperature, it was made 
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dear that the separation of the components of a mixture in the form of an emul- 
sion is attended by an increase in the viscosity. It seems probable that this in* 
crease is due to the viscosities in emtilsions being additive, for it follows of 
necessity that when the viscosities are additive the viscosity will be greater than in 
a homogeneous mixture of the same composition. As in the case of ^spensions, 
there is considerable evidence that decreasing the size of particle of the disperse 
phase brings about a corresponding decrease in the fluidity. Martici (1907) 
experimented with oil*soap emulsions and found that the fluidity becomes less 
as the drops become smaller. Buglif (1908) has found the fluidity of milk is 
lessened when the milk is homogenized by being squirted against an agate plate, 
, thereby increasing the number of fat globules. The apparent decrease in fluidity 
with emulsification finds excellent practical examples in the manufacture of solid 
lubricants and of certain household products such as mayonnaise, * 'whipped 
cream,” and beaten egg albumen. In engine grease less than one percent <rf 
water emulsified by means of a solution of soap with mineral oil produces a 
salve*like grease. Such bodies have the properties of solids and may also be 
considered in connection with the plasticity of solids. 

"The question inevitably arises: How is it possible that water with a high 
fluidity can decrease the fluidity of a heavy oil, or air decrease the fluidity of 
albumen, so that the resulting product, emulsion or foam as the case may be, 
has the rigidity of a solid? To answer this question it is necessary to return to 
the consideration of our simple case of lamellae of different liquids at right angles 
to the direction of shear. The theory that viscosities of emulsions are additive, 
will account for the fluidity being less than the fluidity of the homogeneous mix- 
ture but it will in no way account for the case we have here where the fluidity 
of the emulsion is less than the fluidity of either component. 

"As the shear progresses, it is to be noted that the lamellae are greatly 
elongated. But in immiscible liquids this thinning out of the layers is opposed 
by the surface tension which tends to keep the surface area a minimum. If 
therefore the shearing force is less than the maximum force arising from the sur- 
face tension, continuous deformation will not result. There will be a certain 
amount of temporary deformation but this too will disappear as soon as the shear- 
ing force is removed. In other words, the substance shows not only rigidity 
but also elasticity; if the shearing force is greater than the elastic limit, continu- 
ous deformation will take place, but since we are dealing with immiscible liquids, 
the lamellae will not be thinned out indefinitely, but tom into portions which 
will gather into drops under the influence of surface tension. Thus in an emul- 
sion, shear tends to make the droplets continually smaller, and consequently 
to raise the viscosity. This corresponds to the cold working of metals. This 
effect is opposed by the spontaneous coalescence of the particles on standing, 
analogous to the annealing of metals, so it appears that an equilibrium results 
and the maximum in viscosity in emulsions may depend upon the rate of 
shear. 

"As the lamellae of the simple case, which we have taken for consideration, 
are broken up, the viscosities are no longer strictly additive. The droplets 
become smaller and smaller, the surface tension becomes more and more effec- 
tive, the droplets become tme spheres with an inappreciable amount of flow 
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within the spheres, so that finally the distinction between emulsion and suspension 
disappears. 

'*We pass finally to that class of polar colloids typified by gelatine, soap and 
rubber. In some ways they are in sharp contrast with the type which we have 
just beeh considering, because their viscosity increases tremendously on standing 
and decreases as a result of shear, but they are alike in the more fundamental 
respect of exhibiting the properties of rigidity and elasticity. 

**It is assumed that the process of gelatinization is the result of polar forces 
producing a network of crystals or crystal-like material interlacing through the 
liquid, without necessarily taking up more than a small portion of the space. 
The solid network performs the function of the lamellae at right angles to the 
direction of shear in our simple case. The cohesion of the solid opposes the shear 
and gives rise to the rigidity of the gel. The ability of the solid to be deformed 
without fracture determines its elasticity. This property of elasticity is enor- 
mously developed in rubber, and we have seen that it is noticeable in forms and 
emulsions. Barus ( 1893) has noted the considerable degree of elasticity in marine 
glue which may be regarded as a very viscous liquid. It also is of importance 
in suspensions, as for example in the manufacture of pencils, the leads expand 
considerably, as they are forced out of the die previous to baking. 

*Tf gelatinization is analogous to crystallization, we should expect the vis- 
cosity to increase on standing and that it would be hastened by ‘seeding' the 
solution with a more viscous colloid. We can readily see that shearing the ma- 
terial would result in the destruction of the polar structure of the material and 
consequently in a decrease in the viscosity. We refer the reader to the rich ma- 
terial furnished by Garrett (1903)." 

The reviewer does not see why gelatine, soap, and rubber should be classed 
as polar and this is not the ordinary use of the term. If marine glue is to be 
regarded as a very viscous liquid, it is not clear why it .should show a consider- 
able degree of elasticity. Another criticism is that the author seems to consider 
suspensions as more like solutions than like emulsions. For the present the re- 
viewer cannot subscribe to that belief. He thinks that the author has been 
led astray by overlooking the differences in concentrations. Very dilute emul- 
sions certainly behave like suspensions. So far as the reviewer knows, the change 
from viscous to plastic flow occurs at higher concentrations with emulsions than 
with suspensions. When discussing the occurrence of plastic flow in suspensions, 
the author does not give an adequate discussion of the factors determining 
zero fluidity. The question of adsorption as affecting voids is ignored pretty 
completely. The reviewer is skeptical as to the propriety of applying Stokes' 
Law to diffusion in true solution, p. 194, especially in view of the fact that diffusion 
may take place upwards. 

There is a very interesting chapter on lubrication, in which it is pointed out 
that the superiority of fixed oils over mineral oils is due to the greater adsorption 
of the former by metals, p. 271, 

The paragraph on nitrocellulose, p. 293, is worth quoting. “It is of course 
well known that the so-called solutions of nitrocellulose, gelatine and other 
colloids are not true solutions, nevertheless the term solution as applied to col- 
loidal dispersion often leads to confusion. This acetone is one of the best 
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'solvents’ for nitrocellulose, being superior, let us say, to amyl acetate. But 
what does this statement mean? It cannot possibly mean that acetone will 
actually dissolve more nitrocellulose than will a similar amount of amyl acetate, 
for there is no point of saturation for either, i. e., both liquids will ^dissolve' 
or better dbperse an indefinite amount of colloid; hence the term solubility 
has here a very special, albeit a very definite, meaning, viz., that dispersive 
medium is the best solvent which with a given amount of colloid gives an emul- 
sion having the maximum mobility. Here, however, there enters the fact, which 
seems from the literature not to have been suflSciently considered, that acetone 
has a far greater fluidity than amyl acetate to start with, and this must of ne- 
cessity affect the mobility of dispersions in these media. It is evident that this 
must be taken into account if we are to get a true measure of the dispersive power 
of different media.” 

The author has written a very good book on a subject which has been ig- 
nored too much in the past. He seems to the reviewer to have made good on 
his two main contentions, that fluidity is the additive property in solutions, 
and that we must distinguish sharply between plastic flow and viscous flow. 
The reviewer could not quite make out to what extent the concentration giving 
zero fluidity is independent of the size of the capillary, the size of the particles, 
and of the pressure. It seems as though with emulsions the point of zero fluidity 
must vary with the size of the drops because homogenizing milk increases its 
viscosity, p. 211. The reviewer has been much impressed by the future impor- 
tance of fluidity determinations as a means of studying solutions; but it will 
be necessary to work out the theory much more exactly than has yet been done 
because of the extraordinary sensitiveness of the method. The possibilities of 
error are so great that it is scarcely an exaggeration to say that no conclusions 
based on fluidity determinations with solutions are binding as yet; but the 
method evidently has extraordinary possibilities. The book is welcome as 
giving a critical, scientific presentation of a problem which is of great importance 
theoretically and technically. Wilder D. Bancroft 

Philosophy and the New Physics. By Louis Rougier. Translated by 
Morton Masius. ig X X2 cm; pp, xv + 159 - Philadelphia: P, Blakiston^s 
Son and Co,, 1921. Price: $i,75- — Two years ago (24, 592) the author’s book, 
entitled “La Materialisation de I’lfenergie,” was reviewed and the hope was 
expressed that the book might soon be available in an English translation. This 
is a translation of a corrected text of the book in question, though the title has 
suffered a sea change. The following quotations, pp. 61, 63, 67, 91, 102, 132, 
146, will give some idea of the general style of the book. 

“According to it [the Lorentz synthesis) there is no matter, only electrons, 
positive and negative, in an ocean of uniform ether; all forces are of electro- 
magnetic origin or behave like such; and the measurements effected in a moving 
system are relative to the dimensions of the instruments, to the forces taken as 
comparison terms, and to local time. In this conception matter, conduction 
currents and magnetism become mere modes of manifestation. The only con- 
stitutive principles are the ether and grains of vitreous (positive) and resinous 
(negative) electricity. We shall see how the English physicists have taken 
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hold of this conception and pushed the reduction in the number of things 
still further: according to certain of them not only is the existence of matter 
denied but also that of electricity; and nothing but ether and empty space 
exists.’' 

“As Lord Salisbury picturesquely said in his Oxford presidential address 
to the British Ass(x:iation, the first and principal reason for the existence of the 
ether is to supply a subject to the verb to undulate.” 

“Re-arming themselves with the ideas of Faraday and Maxwell, the 
English physicists, and the most famous of them, J. J. Thomson, regard the 
inertia of the electron as due to the ether surrounding it. An electron at rest 
is a surface charge without material support, and may be considered as a cavity 
in the ether. This cavity is the center from which the electric lines of force 
constituting the electrostatic field of the electron diverge The ether adheres 
to these lines of force, so that the electron cannot move without displacing it. 
The inertia of the electron results from the inertia of the entrained ether, which 
alone opposes its motion. Knowing the volume and the ma.ss of an electron, 
the density of the ether adhering to it may be calculated; it is found to be equal 
to about 2000 million times the density of lead. Matter ceases to exist, since, 
being composed of electrons, the sole reason we have to believe in it, namely 
its inertia, does not properly belong to it, but is borrowed from the ether. Elec- 
tricity likewise disappears as a substance with an existence of its own, since the 
electrons arc reduced to cavities in the ether. Two principles only survive, 
ether and empty space, of one of which the ancients would have said that it is 
the non-being and consequently that it does not exist. The world is merely a 
bubble of ether in the non -thing.” 

“This theory of the disincarnation of matter, leading to a complete ether- 
ization, should, in spite of its alluring aspect, be taken with considerable caution. 
It is threatened with downfall on account of the concept that forms its base, 
that of an ether endowed with mechanical properties, the hypothetical existence 
of which seems, moreover, to be contradictory.” 

‘Tn accordance with what is true for inertia, a change in internal energy 
is accompanied by a simultaneous change of mass and weight. A body is heavier 
when in motion than when at rest, when hot than when cold, when in a state of 
electrification than when neutral, detonating gas than the water it produces, 
uranium than its disintegration products.” 

“Empty space is not the absolute and infinite void of Newton’s followers: 
it is the pure field of gravitation on which no matter is superimposed. From 
the physical point of view there is no amorphous void, endowed with pure recep- 
tivity, in which material points could be imagined, attracting or repelling one 
another according to certain laws, like Newton’s law, and thus communicating 
absolute accelerations to one another. We cannot speak of empty space, except 
where there is a field of gravitation, not merely coexistent with this space, but 
veritably the creator of space, of its metrical properties, and, we may say, its 
extent. The world must be thought of no more as an assemblage of bodies lost 
in an infinite void, but as systems of bodies and of electromagnetic or luminous 
fields, superimposed on gravitational fields of finite dimensions. The absolute, 
void, amorphous, and infinite space of Newton vanishes like other idola }ori 
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and Kant’s antimonies advanced in n^rd to it are abolished as referring to a 
pseudo-problem/’ 

second confirmation, due to Einstein and to Nemst, is drawn from 
the study of the specific heats of solids at low temperature. It is known that 
the specific heats of solids decrease rapidly when the temperature is towered. 
Thus, for diamond at the temperature of liquid hydrogen, the specific heat is 
reduced to about one-seventh of what it is at ordinary temperatures. Every- 
thing takes place as if the molecules lost degrees of freedom in cooling, as if their 
joints became anchylosed from the effect of the frost. This is contrary to the 
theorem of the equipartition of energy, which provides a method of calculating 
the atomic heats of solids and of deducing Dulong and Petit’s law, according to 
which the atomic heats are eqiml for all bodies and independent of the tem- 
perature. 

'Tlanck defined the specific heat of a single resonator aa the increase for 
one degree centigrade, of the mean energy, reduced to calories, that a resonator 
of given frequency must have at a definite temperature to be in equilibrium with 
black radiation. Einstein introduces the following simplifying hypotheses. 
He considers the solid bodies as possessing only a single kind of resonators and 
only one resonator per molecule; the products of Avogadro’s constant by the 
specific heat of a single resonator then gives him the specific heat, referred to a 
gram-molecule, of the solid considered. According to his formula the specific 
heat of a solid hardly varies with the change of temperature at high temperatures; 
but at low temperatures it decreases rapidly and tends towards zero when the 
absolute zero is approached. Nemst complicates Einstein’s hypothesis a little 
by adding to the latter’s unique system of resonators other resonators tuned to 
the octave and so succeeds in obtaining a surprising coincidence with the numbers 
obtained experimentally by himself and his pupils, for a very large number of 
bodies at temperatures that extend from the ordinary temperatures down to the 
lowest temperatures that Kamerlingh-Onnes has been able to obtain in his 
cryogenic laboratory at lycyden. This theory amounts to the following: if a 
solid is regarded as an aggregate of atoms or of molecules oscillating about an 
equilibrium position, the energy of each o.scil]ator thus realized must be, as in 
the case of Planck’s electric oscillators, an integral multiple of hv. The diminu- 
tion of the specific heat of the solid at low temperatures is then readily explained. 
When the temperature decreases, the supply of disposable energy offered to each 
of the material oscillators falls below the quantum of a large number of them; 
instead of vibrating a little they cease to vibrate at all, so that the total energy 
diminishes more rapidly than in the old theories. On Jthe contrary, at high 
temperatures, the quantum hv becomes so small that we again get Dulong and 
Petit’s law obtained by starting from the law of the equipartition of energy.” 

”To explain a phenomenqn is, for primitive man, to interpret it anthropo- 
morphically by a supernatural agent endowed with psychological life in his own 
image; for a scholastic it is to explain it by ultimate causes; for Bacon to explain 
it by causes; for Maxwell it is to deduce it from the principles of mechanics; for 
Gibbs and Boltzmann it is to account for it by the calculus of probabilities, by 
starting from a system of elements subject to given conditions.” 

This is a delightful book and well worth reading. Wilder D, Bancroft 



HYDROGEN ION CONCENTRATION AND THE PROP- 
ERTIES OF THE EMULSOID COELOIDSi 


BY ROBERT HERMAN BOGUE* 

Introduction 

Much has been written in the last few years upon the im- 
portance of a consideration of the hydrogen ion concentration 
with respect to the properties and behavior of colloids, and of 
the proteins in particular. Michaelis® and Sorenson'' have 
studied the effect of the concentration of these ions on body 
tissues. Robertson, '’Clark,® and Zoller’ have studied partic- 
ularly casein. Loeb,® Sheppard,® Davis et and Bogue” 
have reported similar investigations on gelatin. Many other 
workers in this field have also made valuable contributions to 
the subject. 

In nearly all of these studies, however, the treatment of 
hydrogen ion concentration has been merely incidental to the 
main- investigation, and a corollation of the several studies 
should be made with the focus of attention centred at that 
most interesting and important point. 

In the present paper such a corollation is attempted, and 
in many places where the evidence has seemed to be contra- 

' Published by courtesy of the American Chemical Society Presented 
before the 63rd General Meeting of the American Chemical Society, Birmingham, 
Alabama, April 3 to 7, 1922. 

2 Industrial Fellow of the Mellon Institute of Industrial Research of 
Pittsburgh, and Research Chemist for Armour and Company, of Chicago. 

2 L. Michaelis: Biochem. Zeit., 1909-1914. 

* S. P. L. Sorenson: Comptes rendus Lab. Carlsberg, 1909-1913. 

® T. B. Robertson: “The Physical Chemistry of the Proteins,” (1920.) 

• ® W. M. Clark: Jour. Ind. Eng. Chem., 12, 1162 (1920). 

’ H. T. Zoller: Ibid., 13 , 510 (1921); Jour. Gen. Physiol., 3 , 365 (1921). 

* Jacques Loeb: Jour. Gen. Physiol., 1917-1921. 

» S. H. Sheppard: Jour. Ind. Eng. Chem , 12 , 1007 (1920); 13 , 423 (1921). 

C. E. Davis, E. T. Oakes, and H. H. Browne: Jour. Am. Chem. Soc., 
43 , 1526 (1921). 

11 R. H. Bogue: Chem. Met. Eng., 23 , 5. 61, 105, 154, 197 (1920); Jour. 
Am. Chem. Soc., 43 , 1764 (1921); Jour. Ind. Eng. Chem., 14 , 32 (1922). 
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dictory or insufficient further experiments have been con- 
ducted with the hope of making dear or complete these 
deficiencies. 

Very little effort has been made in the past upon the link- 
ing up of the findings obtained in the laboratory with the 
applicability of those findings in plant practice or control. 
As a result, it is inevitable that the relative importance of the 
several discoveries should be many times incorrectly accentu- 
ated. This is a distinct disadvantage to the chemist. The 
latter may report very large variations in viscosity, for example, 
with hydrogen ion concentration, and a plant man, upon re- 
peating the test, may find no variation whatsoever. The rea- 
son is obvious, for the chemist may have used a very delicate 
viscosimeter, sensitive to 0.001 centipoise, and the plant man an 
instrument sensitive only to about 1 centipoise. But these 
distinctions are not always apparent to the practical glue 
tester, and the result is an injured reputation for the chemist: 
not for that one alone, but, which is much worse, for the pro- 
fession at large. Some points bearing on this aspect will be 
mentioned in this paper. 

Investigations on Hydrogen Ion Concentration 

Hydrogen Ion Concentration and Viscosity: Solvation: 
Hydration. — Loeb* has shown that the viscosity of any given 
sample of gelatin varies considerably with the hydrogen ion 
concentration of the material. If a pure isoelectric gelatin* is 
obtained, the viscosity is found to be at a minimum at that 
point. The hydrogen ion concentration, or Ch, was found by 
Michaelis* to be 2 X 10~* N at the isoelectric point, or in terms 
of Sorensen’s logarithmic symbol, pH = 4.7*. 

^ Jacques loeb: loc. cit. 

* Obtained by treating a iiiiely granulated gelatin with N/128 hydrochloric 
acid at 15 ® C, and washing out the excess of acid with water. It is then dissolved 
in water and made up to 1 percent solution, and the viscosity measured at 40® C 
with an Ostwald viscosimeter. * Isoelectric gelatin is gelatin at the point of 
electro-neutrality. 

* L. Michaelis: “Die Wasserstoifiionenkonzentration/* (1914). 

* pH * 1/log Ch. 
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When the hydrogen ion concentration was increased 
(the pH decreased), as by the addition of more acid, the 
viscosity was found to increase rapidly until a pH of about 
3.5 was reached, after which the viscosity fell upon further ad- 
ditions of acid. When the hydrogen ion concentration was 
decreased (the pH increased), as by the addition of more alkali, 
the viscosity was found to increase somewhat more slowly, 
until a pH of about 9.0 was reached, after which the viscosity 
fell upon further additions of alkali. 

These restdts have been confirmed, on the acid side, by 
Davis, Oakes, and Browne,* and on both the acid and the al- 
kali side by Bogue.* It is probable that the former also would 
have obtained the same characteristic rise on the alkali side of 
the isoelectric point if they had started with an ash-free gelatin. 
The presence of calcium as calcium gelatinate would greatly 
inhibit the tendency of increased viscosity at pH values 
greater than 4.7. 

Similar results have been obtained by earlier investiga- 
tors, but their results are expressed in terms of concentration of 
acid or base added, rather than of the hydrogen ion concentra- 
tion to which the solution is brought by such addition.® Loeb 
has pointed out the necessity of following the latter procedure. 

It has also long been known that gelatin swells to different 
degrees depending upon the amount of acid or alkali added to 
the water in which the gelatin is immersed. Ciuwes illustra- 
tive of this are shown by Wo. Ostwald^ and by D. J. Lloyd,* 
and Fischer and Hooker® find similar results with polybasic 
acids and their salts. Bogue® has shown that swelling and 
viscosity are parallel functions within certain limits, except 


^ Davis, Oakes and Browne : loc. cit, 

* R. H. Bogue: loc. dt. 

* See P. von Schroeder: Zdt. phys. Chem., 45 , 75 (1903). 

^ Wo, Ostwald (Fischer): "Handbook of Colloid Chemistry," p. 247 

(1916). 

® Dorothy J. Lloyd: Biochem. Jour., 14 , 147 (1920). 

* Martin Fischer and Marion Hooker: Jour. Am. Chem. Soc.,*4i0, 272 

(1918). 

7 R. H. Bogue, Jour. Am. Chem. Soc., 43 , 1764 (1921). 
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that the percentage of change in the former may be far greater 
than the percentage of change in the latter upon similar altera- 
tion in hydrogen ion concentration. 

Hydrogen Ion Concentration and Jelly Strength: Gclatiofi: 
Solution. — Fischer and Coffman* have pointed out that the 
solution of a protein is an essentially different process from 
swelling, and should not be regarded as an extreme case of 
swelling. They urge that hydration (swelling) is to be regarded 
as a change through which the protein enters into physicochem- 
ical combination with its solvent (water) ; and solution as the 
expression of an increase in the degree of dispersion of the 
colloid. Their findings show that there is a progressive in- 
crease in the tendency of gelatin to go into solution in mixtures 
of the salts of polybasic acids as the amount of acid or alkali 
in these mixtures is increased from a given low point. 

Bogue^ has shown that the same tendency exists in mixtures 
of gelatin and sodium silicates upon increasing the hydroxyl 
ion concentration, either by the use of those silicates which 
are progressively more completely hydrolyzed in water, or by 
the direct addition of sodium hydroxid. The curves and data 
show that at a pH of about 8.0, a 1 percent solution of pure 
gelatin will just fail to form a firm jelly at 10° C, while at a pH 
of about 9.6 the solution will remain quite liquid . At pH values 
between 4.7 and 8.5 a firm jelly is formed. 

On the acid side of the isoelectric point the jelly has been 
found to remain firm to a pH of about 8.5 and to again be 
quite liquid at a pH of about 2.5. 

Sheppard and his collaborators* have studied the jelly 
strength of gelatins and glues by means of an instrument which 
measures both the breaking load and the percentage twist at 
break. The factor, breaking load X twist / cross section, is 

‘ Martin Fischer and W. D. Coffman; Jour. Am. Chem. Soc., 40, 303 

(1918). 

• R. H. Bogue; Jour. Ind. Eng. Chem., 14, 32 (1922). 

• S. E. Sheppard, S. S. Sweet and J. W. Scott, Jr.; Jour. Ind. Eng. Chem., 
12, 1007 (1920); S. E. ffteppard and S. S. Sweet; Jour. Am. Chem. Soc., 43, 639 
(1921). 
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taken as the jelly strength. They report that there seems to be 
no simple relation between the jelly strength of a glue and the 
concentration of glue in the jelly ; nor between the jelly strength 
and the hydrogen ion concentration. The tensile strength of 
the dried material was also found to bear no simple relation to 
the jelly strength. They report that the cooking of a glue 
solution lowers both the tensile strength and the jelly strength, 
but not in equivalent amounts. 

Hydrogen lent Concentration and Melting Point: Setting 
Point. — In lil20 Bogue* demonstrated that the melting point 
determination of gelatins or glues differentiated these products 
in a way that was more accurately representative of actual 
value (as determined by either gelatin content or joining 
.strength) than either the jelly strength test or the viscosity 
(at ()()° to 80° C) test. 

Sheppard and Sweet- have studied the setting and melting 
points of gelatins by means of an instrument which determines 
the temperature of an arbitrarily selected degree of rigidity of 
the jelly or gelatinous solution. They find that the melting or 
setting point curves bear no consistent relation to concentration, 
the curves for different gelatins at varying concentrations some- 
times cutting each other. The slope of these curves is very dif- 
ferent from that of the jelly strength curves, these increasing 
in setting temperature very rapidly with the first increases in 
concentration, and showing only slight further rises in tem- 
perature at concentrations greater than 20 percent while the 
jelly strength curves increase slightly at first, but very rap- 
idly at concentrations above 15 or 20 percent. The type of 
curve represented by the melting and setting point determina- 
tions is also the type which obtains in actual joint strength 
tests. 

No work has been reported bearing directly upon the re- 
lations of hydrogen ion concentration to melting point. 

Hydrogen Ion Concentration and joining Strength of Glues . — 
The joining strength is to the joining and veneer trade the most 

* R. H. Bogue; Chem. Met. Eng., 23, 61, 197 (1920). 

» S. E. Sheppard and S. S. Sweet: Jour. Ind. Eng. Chem., 13, 423 (1921). 
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important property of glues. It is of the greatest importance 
to that trade that every means by which the actual joining 
strength may be raised should be understood and applied with 
intelligence. 

Much has been said and written upon the changes which 
may be brought about in the viscosity, the jelly strength, and 
the melting point by a variation in the hydrogen ion concen- 
tration, and upon the relations which these several properties 
bear to joining strength. It has, for example, been pointed 
out that a change in the pH of a glue solution from 4.7 to 3.5 
by the addition of an acid, or to 8.5 by the addition of an alkali 
will likewise result in an increase in the viscosity in either case. 
If the pH of the original sample is about 6.0 or 7.0 (which is 
the usual value), the addition of small amounts of acid, since 
that brings the pH nearer to that of the isoelectric point, 4.7, 
will decrease the viscosity. Larger amounts, since that will 
bring the pH beyond 4.7 and nearer to 3.5, will again raise the 
viscosity. Still greater amounts of acid will cause it once more 
to fall. Alkali added in any amount up to a pH of 8.5 will 
raise the viscosity, and beyond that produce a lowering. 

What has been said of viscosity is true, in a general sense, 
of jelly strength and of melting point. But it has also been 
shown that the joining strength may be indicated by the 
melting point, or by the viscosity at 32° to 35° Does it 
follow that the joining strength may be caused to vary by 
alterations in the hydrogen ion concentration of the glue solu- 
tion, or which is the same thing, by the addition of acids or 
alkalies? 

From an examination of the curves by Davis, Oakes, and 
Browne* (Fig. 7 of original paper) it will be observed that with 
a 1. percent solution the viscosity increased from about 1.27 
centipoises at pH 4.7 to about 1.62 centipoises at pH 3.4. The 
difference between these two points is about 0.35 centipoise. 
This may be accepted as a fair indication of the variation ob- 
tained in 1 percent solutions of gelatin or high grade glue upon 

^ R. H. Bogue: Jour. Ind. Eng. Chem., 14 , 436 (1922). 

* C. E. Davis, E. T. Oakes and H. H. Browne: loc. dt. 
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altering the hydrogen ion concentration from its least favorable 
to its most favorable value. 

The instrument most commonly used in glue laboratories 
for measuring viscosity is some kind of pipette. The time 
outflow of a definite volume of the solution at a stated tempera- 
ture (60° to 80° C) is noted by a stop-watch. An instrument 
which allows 180 cubic centimeters of water to pass through in 
42 seconds is often used. In such an instrument a difference 
in time of flow of one second is nearly equivalent to 10 centi- 
poises. Its sensitiveness is not greater than one half second, 
or 5 centipoises. 

If a 20 percent solution of the glue is used for the test, the 
maximum variation in viscosity which may be expected would 
be 20 X 0.36 centipoise (the variation in a 1 percent solution) 
or 7.0 centipoises. In the pipette described, this difference 
would be observed by a variation of less than a second in time 
of outflow. It would be just within the limits of detectability. 
But it would scarcely impress the plant technologist as an 
operation of especial merit. 

The MacMichael viscosimeter is sensitive, in ordinary 
practice, to about one centipoise, and a variation of 7 centi- 
poises would be inevitably observed. But the difference be 
tween any two grades (for example the Peter Cooper grades) 
is, in a 20 percent solution at 32° to 35° C, about 10 to 20 
centipoises. It is obvious, therefore, that the improvement in 
viscosity which may be obtained by a change in hydrogen ion 
concentration is of but slight importance in the practical con- 
trol of grade. It is doubtful if such control could raise the 
value of the product more than one full grade in any case, and 
its effect would usually be much less than that. 

Hydrogen Ion Concentration and Gelatin Content of Gela- 
tins and Glues. — Sduyver^ has recommended the use of 2 
cubic centimeters of dilute (1 to 4) sulfuric acid to each 100 
cubic centimeters of solution for the complete precipitation of 
protein from a solution with half saturated magnesium sulfate. 

' S. B. Schtyver: "Allen's Commercial Organic Analyds,” voL 8, p. 481. 
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Bogue* demonstrated that, gelatins which he was testing, 
the maximum precipitation occurred upon the addition of only 
Vj cubic centimeter of the dilute (1 to 4) sulfuric acid to each 
100 cubic centimeters of solution. Either greater or lesser 
amounts of acid diminished the amount of protein thrown out. 

The reasons for this were not at that time apparent, but 
it is now obvious that the greatest insolubility occurs at the 
isoelectric point, and that at that point the maximum precipi- 
tation will take place when treated with salts. 

The content of undegraded gelatin does not var>' with 
hydrogen ion concentration (except that large amounts of 
either acid or alkali promote hydrolysis) but the readiness 
with which it may be precipitated does vary. This is because 
the precipitation is essentially a dehydration process, and the 
more nearly the gelatin approaches this condition before the 
addition of the salt, the less will be the amount of salt re- 
quired to fitiish the process. Or, at a given salt concentration, 
the greater will be the amount dehydrated, or thrown out of 
solution. 

The amount of acid required to be added to bring the 
solution to the isoelectric point will, of course, depend upon the 
original hydrogen ion concentration of the gelatin, and any 
instructions which specify the amount must be regarded as 
dependable only insofar as they effect this condition. 

The Significance of Hydrogen Ion Concentration in Research; 
in the Plant; and in Evaluation. — There is probably no condi- 
tion that it is more necessary to control in any physico-chemical 
investigation of a protein water system than the hydrogen ion 
concentration. Nearly every other property of the system is 
in some degree variable with its content of hydrogen ions. 
The reason for this is that the behavior of the protein in the 
formation of salts, and the ionization of these salts is deter- 
mined by the hydrogen ion concentration. 

At a pH of 4.7 there is in gelatin no tendency whatsoever 
toward salt formation, and any inorganic ions which may be 

* R. H. Bogue: Chem. Met. Eng., 23, 106 (1920). 
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present are easily washed out of the gelatin with pure water, or 
with water brought to a pH of 4.7. If a little hydrochloric 
acid is then added, the pH will fall, and the gelatin will show a 
tendency to combine with the chlorid ion to form gelatin 
chlorid. This salt readily ionizes. According to the law of the 
Donnan Equilibrium,^ if such a gelatin is allowed to dry out 
and then placed in a weak solution of the electrolyte, the con- 
centration of the acid inside and outside of the jelly would, at 
equilibrium, not be the same, but would be greater in the 
exterior solution. Working on this principle, Procter and Wil- 
son^ have developed a theory to account for the swelling of 
gelatin, and Loeb® has deduced his “Occlusion Theory’’ which 
purports to account for the varying osmotic pressure, viscosity, 
etc., of gelatin water systems at varying hydrogen ion concen- 
traions. Bogue‘‘ has studied particularly the sol-gel equi- 
librium, and urged a fibrilar structure theory for elastic gels 
and sols. 

If an alkali, as sodium hydroxid, were added to the iso- 
electric gelatin, the pH would be raised and sodium gelatinate 
would be formed. This also is readily ionized, and the effects 
produced on the acid side would be largely duplicated on the 
alkali side. 

The other papers quoted earlier in this report fully corrob- 
orate the importance of a control of hydrogen ion concentration 
in any investigational work with gelatins. 

In the plant, a control of hydrogen ion concentration 
within certain limits is very desirable, but for different reasons 
than in investigational work. An alkaline gelatin or glue is 
much more readily attacked by molds in the course of manufac- 
ture than a slightly acid material. This is of considerable 

' F. G. Donnan: Zeit. Elektrochemie, 17, 672 (191 1); Donnan and Harris: 
Jour. Cheni. Soc., 99, 1654 (1911); Donnan and Gamer: Ibid., 115, 1313 (1919). 

* H. R. Procter: Jour. Chera. Soc., 105, 313 (1914); Procter and Wilson: 
Ibid., 109, 307 (1916). 

» Jacques Loeb: Jour. Gen. Physiol., 3, 827 (1921); 4, 73, 97 (1921). 

* R. H. Bogue: Jour. Am. Chcm. Soc., 44, 1313, 1343 (1922).’ 
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toportance to successful plant operation, especially in hot and 
'humid summer weather. 

There is also a belief among joiners that an alkaline glue 
deteriorates in the joint, eventu^dly resulting in a large number 
of failures. This point, however, needs confirmation. 

When the product is to be used for certain delicate opera- 
tions, as the sizing of fabrics, it is often necessary to ensme the 
absence of add or alkali as these may react with the color base. 

The improvement of grade by a control of the hydrogen 
ion concentration in manufacture is, however, of doubtful 
value, except in special cases. But it would certainly be the 
part of wisdom to avoid the region of the isoelectric point. 
Troubles of insolubility, opaque product, or the separation 
of a flocculent predpitate have many times been traced to 
this particular concentration of hydrogen ions. 

It has been suggested that, since the viscosity, the jelly 
strength, and the mdting point of gelatins and glues have been 
fotmd to vary with the hydrogen ion concentration of the solu- 
tions, the tests for these properties should be made at some 
sdected pH which should be regarded as standard. 

There are two objections to this procedure. First, the 
test of the material should represent the value of the product 
as it is, rather than as it would be if it were treated with an 
arbitrarily sdected amount of some add or alkali. If it is 
argued that the test should represent the maximum obtain- 
able value, we will add that dialysis to eliminate the ash, and 
predpitation to eliminate the hydrolytic products, might be 
included in the preliminary treatment, but we see no object in 
such extravagance of interpretation. 

Second, it has already been pointed out that although 
wide differences are found to exist, by the use of sensitive in- 
struments, between gelatins at varying hydrogen ion concen- 
trations, yet in significant grades the maximum variation will 
rarely be the equivalent erf one full grade. These arguments 
make it dear that it is ndther desirable nor useful to attempt 
to evaluate gdatins or glues at a standard, but arbitrarily se- 
lected, hydrogen ion concentration. 
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Summaiy 

It has been shown that the various physical properties of 
the emulsoid colloids, including the viscosity, j^y strength, 
melting point, and joining strength, are at a minimum at a 
hydrogen ion concentration corresponding to the isoelectric 
point. Several exact studies have been cited. As the acidity 
or the alkalinity of the solution is increased from this point, 
these properties rise in value. 

It is shown that salt precipitations for gelatin contents 
should be made at the isoelectric condition if maximum 
precipitation is desired. 

The necessity for a careful control of hydrogen ion con- 
centration in investigational work on proteins is emphasized 
and the desirability of a similar control in the gelatin and glue 
plant during manufacture is pointed out. The limitation 
of benefit from such control makes questionable, however, the 
practicability of such methods for the purpose of the improve- 
ment of grade. 

The estimation of hydrogen ion concentration as one of 
the tests in the evaluation of gelatin and glue is urged, but it 
is not recommended that all tests of viscosity, jelly strength, 
etc., be made at a specified pH value. 

Mellon Institute of Industrial Research 
University of Pittsburgh 
February i, jg22 



A PRELIMINARY STUDY OF ZIRKITE ORE 


BY J. G. THOMPSON 

This investigation consists of a study of zirkite ore (crude 
zirconium oxide), with attempts to improve the refractory 
properties by the elimination of certain of the impurities 
■present in the raw material. 

Pure zirconium oxide, if available in sufficient quantity, 
would aid materially in solving the problems of the users of 
high-temperature refractories, particularly those problems con- 
nected with the extreme temperatures encountered in the use of 
the electric furnace. As a refractory for high temperatures 
zirconium oxide is far superior to any of the materials commonly 
employed for this purpose and in some respects it approaches 
the ideal refractory. It possesses’ a melting point higher than 
that of any other known metallic oxide; it is non-volatile 
below its melting point ; it is neutral in character and inert to 
the action of practically all of the common reagents; it pos- 
sesses low coefficients of thermal and electrical conductivity. 
These properties ensure the successful use of pure zirconium 
oxide as a refractory, even for the most extreme service con- 
ditions, at any time when it becomes available in quantity. 

Zirconium was discovered by Klaproth in 1789; but, for 
many years after its discovery, it was considered one of the 
rare earths, and occasional samples of zircon, the orthosilicate of 
zirconium, were the only sources of supply. At present depos- 
its of zircon sands, usually associated with monazite sands, 
are known to exist in many localities but the deposits usually 
are of limited extent and the zircon content is small. Zirco- 
nium also occurs in small amounts in a number of rare ores but 
these are important only for the traces of radio-active elements 

‘Meyer: Met. Chcm. Eng, 12 , 791 (1914); 13 , 263 (1915); HedvaU: 
Zeit. anorg. Chem., 93 , 3 13 (19 15) ; Bradford: Chem. Trade Jour., 62 , 284 (1918) ; 
Arnold- Jour. Soc. Chem. Ind., 37 , 724 (1918); Granger: Chem. News, 118 , 
11.5, 121 (1919). 
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which they contain. Present interest centers solely upon the 
oxide ores of zirconium generally known as “Baddeleyite” 
ores. This group includes a number of ores of indefinite and 
variable composition in which the zirconium oxide content 
varies up to 99 percent. The name “Zirkite” has been re- 
stricted to the baddeleyite ore from the huge Brazilian deposits 
which now supply practically all of the demand for zirconium. 
Zirkite ore is variable in composition but careful sorting at the 
mine furnishes a product which is fairly uniform in composi- 
tion averaging about 80 percent zirconium oxide. It is stated^ 
that an unlimited supply of this ore is available as the 
deposits are of vast extent. The only factors limiting the output 
are the difficulties due to primitive methods of mining and 
transportation. 

The use of zirconium oxide always has depended upon its 
refractory properties ; but this use, until recently, was confined 
to the small amounts of very pure material required for the 
incandescent element in the Nernst, Drummond, and Bleriot 
lamps; as an additional element mixed with the thoria and 
ceria in Welsbach mantles ; etc. The discovery of the huge 
Brazilian deposits of high-grade ore has awakened much inter- 
est in the possibility of using this ore on a large scale as a 
refractory. 

Many of the properties of the raw ore* are comparable 
with those of the pure oxide but the melting point (2950°- 
3000° C for pure ZrOj) drops to 1200°-2000° C for the raw 
ore, depending upon the composition. Zirkite is an excellent 
refractory within the limits set by its softening and melting 
points but the low melting point obviously detracts greatly 
from the refractory value of the ore. It has been used suc- 
cessfully as raw material in the manufacture of combustion 
boats, tubes, etc., for high temperature work in the laboratory; 

1 Meyer: Foote Mineral Company publicsition for November, 1916. 

2 Meyer: Met. Chem. Eng., 12, 791 (1914); Andley: Trans. Eng. Ceram. 
Soc., 16, 121 (1917); Rosenhain: Trans. Faraday Soc., 12, 178 (1917) ; Devereux: 
Met. Ind., 16, 414 (1920), 
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but the successful use of the material on a large scale awaits the 
development of tneans of raising the melting j^iht. 

The problem obviously is the elimination of the dement 
or elements which exeit so detrimental an effect upon the 
melting ptunt of the ore. No definite information is available 
regarding the specific effect of the various impurities upon the 
melting point of pure zirconium oxide, but silicon and iron, 
which together constitute the bulk of the impurities, naturally 
are regarded as the chief sources of trouble. 

Methods of purification, as recorded in the literature, 
may be divided into two classes: 

(1) Methods for the preparation of pure zirconium com- 
pounds. ‘ 

(2) Methods for partial purification of the ore by elimi- 
nation of impurities, either by leaching* or by volatiliza- 
tion.* 

Those methods in the first class which are successful are 
adaptable only for the production in the laboratory of small 
amounts of pure zirconium compounds. The methods in 
class two have been confined almost entirely to the removal of 
iron. The refractory silicates of zirconium were not affected 
at the relatively low temperatiues used in Phillips’ chlorina- 
tion experiments and are not susceptible to leaching unless 
they have been decomposed by a preliminary fusion.* The 
methods in this class are better adapted for large scale operation 
but are successful only to a limited extent in producing satis- 
factory refractory material from the raw ore. 

' Berlin: Jour, prakt. Chem., 58, 147 (1853); Hermann: Ibid., 97, 330, 
340 (1866); Bailey: Chem. News, S3, 66, 260, 287 (1886); Doremus: Jour. 
Am. Chem. Soc., 8, 91 (1886); Bayer; Zeit. angcw. Chem., 23, 486 (1910); 
Anonymous: Ceramique, 14 , 204 (1911); Loveman; U. S. Patent No. 1,261,984 
(1918); Imray: British Patent No. 16,556 (1913).; I,euchs: German Patent No. 
285,344(1914); Meyer: loc. cit., and Granger; loc. cat. 

'Wedekind: Zeit. angew. Chem., 21, 2270 (1908); Weiss and l^ehmann ; 
Zeit. anorg. Chem., 65 , 178 (1909) ; Wedekind: Ber. deutsch. chem. G6s., 43,290 
(1910); Ramsden; Met. Ind., Id, 3 (1920); Audley; Granger; Rosen: loc. cit. 

' Phillips; Jour. Am. Ceramic Soc., 1, 791 (1918). 

* Weiss and Lehmatm: loc. cit., Jost and Plocker: German Patent No. 
285,981 (1914), 
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The remarkable stability at high temperatures of certain 
compounds of zirconium, particularly the oxide and carbide, 
together with the fact that these compounds are not appreci- 
ably volatile below their decomposition points, suggested the 
use of electric heating as a means of ptuifying zirkite ore by 
the elimination of impurities whose oxides and carbides pre- 
sumably are less refractory than the corresponding zirconium 
compounds. Hitherto the electric furnace has been employed* 
only as a preliminary step in the purification of zirkite, appar- 
ently for the sole ptupose of decomposing refractory silicates. 
This investigation, therefore, was undertaken for the sake of 
ascertaining to what extent zirkite might be freed from im- 
purities by direct heating in an electric furnace. 

Before the experimental portion of this investigation 
could be undertaken, a scheme of analysis had to be outlined. 
A search of the literature revealed many conflicting statements 
and considerable time was devoted to the investigation of 
the various methods before a satisfactory scheme was obtained. 
A brief, critical review of some of the methods proposed, 
together with a description of the scheme adopted, is therefore 
included in this report. 

The Analysis of ZlFoonium Compounds 

The characteristic properties of zirconium ores which 
make them valuable, i. e., the refractory properties and diem- 
ical inertness, formed the first obstacles to be overcome in the 
decomposition of the ore. 

Four general methods of attack have been proposed: 

(1) Fusion with hydrofluoric acid or with fluorides® 

(2) Conversion to carbides in the electric furnace® 

^ Moissan: Comptes rendus, 116 , 1222 (1893); Troost: Ibid., 116 , 1428 
(1893); Podszus: Jour. Soc. Chem. Ind., 36 , 217 (1917); Barton: U. S. Patent 
No. 1,342,084 (1920); Weiss and Lehmann: loc. cit. 

* Marignac: Ann. Chim. Phys., (3) 60 , 260 (1860); Weiss and Neumann: 
25eit. anorg. Chem., 65 , 248 (1909) ; Anonymous: The Brass World, 7 , 46 (1911) ; 
Meyer: Foote Mineral Company Publication for November 1916; Weiss and 
Lehmann: loc. cit. 

* Granger; Moissan; Podszus; Troost; Weiss and Lehman: loc. cit. 
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(3) Fusion with sulphuric acid or its derivatives* 

(4) Fusion with alkalies* 

Fusion with sodium tetraborate (borax) was found to fur- 
nish the best means for the decomposition of the materials en- 
countered in this investigation. Borax fusions usually pro- 
duce complete decomposition in one operation but the boric 
acid must be eliminated thereafter if a complete analysis is de- 
sired. Fusion with alkalies produces decomposition of the 
silicates and phosphates but is not applicable to oxide ores. 
Fusion with pyrosulphates decomposes oxide ores but is not ap- 
plicable to silicates. Methods involving fusion with fluorides 
or conversion to carbides in the electric furnaces are objection- 
able on account of loss through volatilization. A combination 
of alkali fusions, followed or preceded by pyrosulphate 
fusions, eventually produces complete decomposition and 
total solution of any zirconium compound, but the pro- 
cedure is tedious and involved. In all cases the method em- 
ployed for decomposition is determined by the nature and 
characteristics of the material. 

After the ore has been decomposed by fusion methods and 
brought into complete solution, the problem of the separation 
of the various elements arises. 

Analytical Separations 

Silicon is removed from the solution without difficulty 
owing to the insolubility in acids of its dehydrated oxide. 

Iron interferes with almost all of the methods for the 
precipitation of zirconium from solution, and should be re- 
moved before such precipitation is attempted. Leaching of 

• Baskerville : Jour. Am. Chem. Soc., 16, 475 (1894) ; Dittrich and Freund : 
Zeit. anorg. Chem., 56, 337 (1907); Wcis.s: Ibid., 67, 466 (1910); Wedekind: 
Ber. dcutsch. chem. Ges., 43, 290 (1910) ; Johnstone: “The Rare Earth Industry” 
(1915); Powell and Schoellcr: Analyst, 44, 397 (1919); Weiss and Lehmann; 
Bayer; loc. cit. 

® Jewett: "Bibliography of Zirconium” (1893); Dennis and Spencer: 
Jour. Am. Chem. Soc., 18, 674 (1896); Abegg: Handbuch, IV, 490 (1913); 
Schiotz: Chem. Abstracts, 12, 661 (1918); Travers; Chim. Ind., 2, 385 0919) ; 
Lundell and Knowles: Jour. Am. Chem. Soc., 42, 1439 (1920); Bayer; Berlin; 
Johnstone; Powell and Schoeller; loc. cit. 
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freshly precipitated or ignited oxides by acid solutions, in- 
cluding oxalic and sulphurous acids^ is not successful. '■* Smith* 
claims to have effected complete separation of iron and zirco- 
nium by electrolytic methods, using a mercury cathode, and 
Price^ records the formation of soluble perzirkonates by 
methods which would leave the iron insoluble. Neither of 
these results could be duplicated during this investigation. 

Only two really successful methods have been devised for 
the separation of iron from solutions containing zirconium. 
These are based, respectively, upon selective solubility of ferric 
chloride in ether,® and the fact that iron is and zirconium 
is not precipitated by hydrogen sulphide from ammoniacal 
solutions containing tartaric acid.® The ether separation 
method is the better of the two for the removal of large amounts 
of iron such as are encountered in the analysis of zirconimn 
steels or ferro-zirconium. The precipitation method is not as 
satisfactory for the removal of large amounts of iron, owing to 
the difficulties encountered in handling large volumes of precipi- 
tated ferrous sulphide. It is indispensable however, for the 
removal of the traces of iron which almost invariably survive the 
ether separation, and is adaptable for the analysis of zirconium 
ores in which the iron oxide content does not greatly exceed 
five percent. 

A few attempts to precipitate zirconium and titanium 
separately are recorded in the literature,’ but the success of 
some of these attempts has been questioned.* For analytical 

1 Dubois and Silveira: Ann. Chim. Phys., (1) 14 , 110 (1820); Berthier; 
Ibid., (2) 50, 362 (J832); Wunder and Jeanneret: Zeit. analyt. Chem., 50, 733 
(1911). 

2 Berlin; Hermann: loc. cit. 

* Smith: * 'Electro- Analysis" (1911). 

* Price: "Per- Acids and Their Salts" (1912). 

® Noyes, Bray and Spear: Jour. Am. Chem. Soc., 30, 481 (1908). 

® Wedekind : loc. cit. 

^ Bailey: Jour. Chem. Soc., 49, 149, 481 (1886); Crookes: "Select 
Methods in Chemical Analysis" (1894); Dittrich and Freund: loc. cit ; Brown- 
ing, Simpson and Porter : Am. Jour. Science, 42, 106 (1916); Headden: Chem. 
Abstracts, 11 , 2311 (1917). 

® Mathews: Jour. Am. Chem. Soc., 20, 815 (1898); Weiss and Lehmann: 
loc. cit. 
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purposes the separation of zirconium from titanium is un- 
necessary as titanium is readily determined by Weller’s^ 
colorimetric method using hydrogen panxide. The presmee of 
zirconium does not interfere with this determination. 

A variety of methods have been proposed for the Simul- 
taneous precipitation of zirconium and titanium. Dittridi 
and Freund^ daim that sodium acetate will produce complete 
precipitation of zirconium and titanium. The use of sulphur- 
ous add or its derivatives has been proposed,* but Johnstone* 
says that this reagent also precipitates some of the rare earths 
as well as traces of iron and almninum and Hermatm* reports 
that the separation resulting from the use of sulphur dioxide is 
not satisfactory. A number of these separations were at- 
tempted during the present investigation with complete 
lads of success. The manipulation is tedious, predpitation sd- 
dom is complete, and the predpitate usually is badly contami- 
nated. Predpitation of zirconimn and titanium by weak 
organic bases has been recommended,* and a number of these 
predpitations were attempted, using phenylhydrazine as the 
most promising member of this class. The experiments uni- 
formly were unsuccessful, the precipitation was slow and incom- 
plete, and the precipitate usually was contaminated. Varia- 
tions of Hillebrand’s method for the predpitation of zirconium 
phosphate^ have been recommended. Lunddl and Knowles* 

‘ Weller: Ber. deutsch. diem. Ges., 15, 2599 (1882). 

• Dittrich and Freund: loc. dt. 

• Berthier: Ann. Chun. Phys., (2) SO, 362 (1832); (3) 7, 84 (1843); 
Chaned: Jour, prakt. Chem., 74, 471 (1868); Imray: Jour. S^. Cheth. Ind., 
9, 941 (1890); Iriiutmann: Zeit. angew. Chem., 24, 62 (1911); Baskerville; 
Dittrich and Freund; Weiss and Lehmann; Travers; Granger; Powell and 
Schoeller: loc. cit. 

* Johnstone: loc. dt. 

' Hermann: Ibid. 

' Hess and Campbell: Jour. Am. Chem. Soc., 21, 776 (1899) ; Jefferson: 
Ibid., 24, 640 (1902); AUen: IHd.,25,421 (1903); Hartwell: Ibid., 25, 1128 (1903). 

’ Hillebrand: U. S. Geol. Survey, Bull. No. 148; Biltz and Mecklenburg: 
Zdt. angew. Chem., 25, 2110 (1912); Ferguson: Eng. Min. Jour., 100, 356, 793 
(1918); Steiger: Jour. Wash. Acad. Sd., 8,637(1918); Nicolardot and Reglade: 
Comptes rendus, 168, 348 (1919) ; Browning, Simpson and Porter: loc. dt. ; Schiotz ; 
loc. dt. 

* Lundell and Knowles: Jmir. Am. Chem. Soc., 41 , 1801 (1919). 
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discuss the method in detail and point out that the variations 
in composition of the precipitate prevent the use of the method 
^ciept for very small amounts of zirconium. The most 
satisfactory method for the analytical determination of zir- 
conium and titanium was found to be precipitation by cupferron, 
the ammonium salt of nitrosophenylhydroxylamine. The 
use of this reagent has been proposed by several authors* 
and has been recommended recently by Lundell and Knowles* 
who discuss the method in detail, including a list of the elements 
which interfere with the precipitation and a discussion of the 
precautions which must be observed. 

The filtrate from the cupferron precipitation contains 
the aluminum, rare earths, and traces of other elements. 
The scheme of separation for the elements in this filtrate de- 
pends upon the nature and number of elements present, as 
determined in the preliminary qualitative examination. 

From the foregoing data a complete scheme of analysis,, 
adaptable to low-phosphorus baddeleyite ore, was evolved. 
In view of the time and labor required for a complete analysis, 
a modified scheme was adopted for the numerous analyses 
which attended the progress of this investigation. This 
modified scheme allows only the determination of silicon, iron, 
titanium, and zirconium, as follows: 

Hodifled Scheme fop Routine Analysis 

The sample is ground to 80-100 mesh. 0.5 gram of the 
sample is weighed out and fused® in platinum with 5 grams 
of borax imtil a clear, fused mass results. When fusion is 
complete (usually requiring about one-half hour at the full 
heat of a Meker burner) the crucible is removed from the 


‘ Perrari: Chem. Abstracts, 9, 1019 (1916); Thornton and Hayden; 
Am. Jour. Sci., 38, 137 (1914); Thornton: Ibid., 42, 161 (1916); Brown: Jour. 
Am. Chem. Soc., 39, 2368 (1917). 

! Lundell and Knowles; Jour. Ind. Eng. Chem., 12, 344 (1920). 

' The usual practice is to dehydrate the borax in the crucible, add the 
weighed sample, and proceed with the fusion. Carbide samples should be ignited 
to the oxides before attempting the fusion. 
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flame. While solidification of the melt is taking place, the 
crucible is kept in motion so that when cold the fusion is dis- 
tributed around the sides of the crucible. The cooled melt is 
dissolved in 5 percent hydrochloric acid in a porcelain casserole, 
solution being hastened by gentle warming. When solution 
is complete, the crucible is removed and rin^d out, 10-15 cc 
concentrated sulphuric acid are added, and the solution is 
evaporated on a hot plate until fumes of sulphur trioxide ap- 
pear. The final fuming is done over a free flame, agitating the 
solution to prevent spattering. The residue is cooled, dis- 
solved by diluting with water, and filtered. The precipitate 
on the filter is washed with hot water, ignited, weighed, 
treated with hydrofluoric and sulphuric acids, again ignited and 
weighed, and the loss of silica determined. A slight residue, 
mainly iron, is recovered by fusion with pyrosulphate and 
added to the original filtrate. 

The filtrate from the removal of silica is diluted to about 
500 cc, precipitated with ammonia, and boiled to coagulate 
the precipitate. After settling, the supernatant liquid is de- 
canted as completely as possible to remove the bulk of the 
alkalis and boron. The ammonia precipitate is redissolved 
by adding 5-10 cc of concentrated sulphuric acid. One 
gram of tartaric acid is added and the solution is made dis- 
tinctly ammoniacal. The volume of the solution at this 
point should be 150-200 cc. The solution is treated with hy- 
drogen sulphide for twenty minutes, boiled for 3-4 minutes, 
allowed to cool, and filtered. The precipitate is covered and 
allowed to drain thoroughly but is not washed, owing to the 
decided tendency of the ferrous sulphide to pass through the 
filter when any washing solution is used. The filtrate is sub- 
jected to a second precipitation with hydrogen sulphide and is 
again boiled and filtered. The two precipitates of ferrous sul- 
phide are redissolved in dilute aqua regia and the iron is de- 
termined gravimetrically. The presence of hydrochloric acid 
and small amounts of organic matter (from the tartaric 
acid) precludes the determination of iron* by volumetric 
methods. 
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The filtrate from the removal of ferrous sulphide, boiled to 
remove most of the hydrogen sulphide, is made acid with a 
known excess of sulphuric acid, boiled again, and the precipi- 
tated sulphur filtered off and discarded. The filtrate is cooled, 
diluted to 600 cc containing 7.5-10 percent free sulphuric acid, 
chilled in ice water, and precipitated by the addition of a cold 
6 percent aqueous solution of cupferron. During this precipi- 
tation the temperature must not exceed 15° C. The pre- 
cipitate is allowed to stand one-half hour and is then filtered 
using gentle suction and washing with cold, 5 percent hydro- 
chloric acid. The filtrate and washings are discarded. The 
precipitate is ignited and weighed as Zr02 + TiOa.^ The 
weighed precipitate is fused with pyrosulphate, dissolved in 
5 percent sulphuric acid and the titanium determined colori- 
metrically. 

On account of the variable amounts of carbon in the dif- 
ferent samples, the analytical results were computed to a 
metallic basis, and the ratio of the elements determined on 
the basis of 100 parts of metallic zirconium. For the com- 
parison of the various electric furnace products a study of 
this ratio is more easily understood than a study of the per- 
centage composition of the samples. 


Experimental 

The zirconium ore employed in this investigation was a 
finely ground zirkite, 65 percent of which passed through a 
100-mesh sieve. Duplicate analyses of ignited samples of 
the ore gave the following composition; 


1 Any iron which escapes the precipitation with hydrogen sulphide will 
appear in this precipitate. Experience has shown, however, that the amount of 
iron which survives a double precipitation with hydrogen sulphide is so small 
that it may be disregarded for all except the most exact determinations. The 
color of this ignited precipitate is a reliable indicator of the composition. A pure 
white color indicates that zirconium alone is present. Titanium produces a 
yellow color, and a reddish or brownish tinge indicates the presence of iron. 
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Percent 

Percent 

ZrO, 

72.55 

72.78 

SiO* 

17.34 

17.26 

Ke20s 

4.11 

4.14 

TiO, 

0.80 

0.81 

AI2O3 

5.28 

5.91 

Rare Earths fcerium group) 

1.04 

1.13 

PsOfi 

0.49 

0.45 

Mn02 

0.25 

0.27 

MgO 

trace 

trace 

Total : 

Loss on imition 

101.86 

2.88 

102.751 

2.88 


Ratio, on a metallic basis, of the elements present in the ore: 

100 Zr: 15.1 Si: 5.37 Fe: 0.89 Ti 

Owing to the time and labor consumed by the necessary 
analytical work, it was decided to limit this investigation 
to the three impurities silicon, iron, and titanium: Since 
silicon is present in far larger amounts than any other impurity, 
this investigation was directed primarily towards the elimina- 
tion of silicon. The removal of iron is a secondary object 
of the investigation. 

Two possibilities were considered for the removal of 
silicon and iron in the electric furnace : 

(1) Reduction of the oxides to the metals in the presence 
of an excess of iron, forming ferro-silicon which could be re- 
moved subsequently by mechanical means. 

(2) Reduction of the oxides to the metals or carbides 
with subsequent volatilization resulting from the application 
of higher temperatures. 

The first method was tried out in a small crucible furnace 
heated by a direct arc. Iron oxide was added to the charge 
in an amount sufficient to unite with all of the silicon to form 

^ The error in the analyses probably is due to adsorption of alkalis by the 
cupferron precipitate; but ^lay be due in part to the existence in the ore of ele- 
ments, e. g., iron and manganese, in different states of oxidation than the onea 
represented in the above table. The composition of the silicates of zirconium,, 
which occur hi zirkite ore, has not been determined definitely. 
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ferro-silicon containing 50 percent iron. Several runs were 
made but no evidence of the formation of ferro-silicon was 
obtained. In every case the iron and silicon remained dis- 
tributed uniformly throughout the charge, probably on account 
of the high viscosity of the melt which prevented the desired 
formation and coalescence of ferro-silicon. Increasing the tem- 
perature would increase the fluidity of the melt and a point 
might be reached at which the ferro-silicon would coalesce and 
settle out. The indications are, however, that the desired de- 
gree of fluidity would not be reached below the temperature at 
which silicon becomes volatile. If it is necessary to em- 
ploy temperatures high enough to cause at least partial volatil- 
ization of the impurities, it would seem advisable to rely 
wholly upon volatilization to remove the impurities. The 
latter method also would avoid contaminating the ore by the 
addition of iron, which is necessary if the ferrosilicon scheme is 
followed. Accordingly the attempts to eliminate silicon and 
iron, as ferro-silicon, were abandoned in favor of attempts to 
volatilize the impurities directly. 

Preliminary experiments conducted in a small arc fur- 
nace indicated that zirconium carbide is stable at tempera- 
tures above the decomposition point of silicon carbide (car- 
bonmdum).^ This led to the belief that conversion of the 
entire ore to carbides, followed by the exposure of the mixed 
carbides to temperatures above 2220° C, at which tempera- 
ture silicon carbide decomposes, would eliminate silicon and 
perhaps some or all of the iron and other impxuities. If 
this dimination of impurities were successful, it would then 
be possible to ignite the zirconium carbide to the oxide thus 
producing pvu-e and highly refractory zirconia. 

The first experiments were carried out in a furnace of 
the silicon carbide type, sufficient carbon being added to 
ensure the transformation of all the oxides present into car- 
bides. Later experiments were performed in an arc furnace, 
the amount of carbon being varied from run to run. 

‘ GUlett: Jour. Phys. Chem., 15, 213 (1911). 
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Experiments with a Resistaaee Furaaoe 

The resistance furnace was built in the form of a rectang- 
ular trough 7 inches wide at the bottom, 8 inches wide at the 
top, 9 inches deep, and 29 inches long. The floor was built of 
zirkite brick supported by a double layer of fire brick. The 
sides were built of fist-size lumps of zirkite, backed with the 
fire brick and faced smooth with ground zirkite bonded with a 
little water-glass. The sides and floor were permanent. The 
end walls were faced with zirkite brick, which were backed up 
with fire brick, and were tom out after each run to facilitate 
removal of the charge. The electrodes were pieces of 4-inch 
square carbon electrodes which entered through the center of 
the end walls and protmded four inches ihto the furnace. The 
outer ends of the electrodes were water-cooled and connected 
to bus bars by flexible leads. Power was supplied by a 75 
kilowatt motor-generator set. Two thousand amperes was 
the largest current available, representing the maximum out- 
put of the motor-generator set. 

The complete conversion of 100 parts of ore to the various 
carbides and carbon monoxide requires approximately 33 
parts of carbon. To ensure the presence of an excess of carbon, 
a ratio of 45 parts of carbon to 100 parts of ore was used. 
Petroleum coke, 10-20 mesh in fineness, supplied the carbon 
for most of the runs, although in one or two cases granular 
electrode carbon was tried. 

Four runs were made in the resistance furnace. Since the 
runs were all more or less alike, the first one only will be 
described in detail, as follows : 

Run 1 

Ratio of ore to carbon in charge 100 : 45 

Total weight of charge 86.5 pounds 

Core A double line of 

graphite electrode pieces, one inch in diameter, the junctions 
packed in petroleum coke to ensure contact 

Duration of run 1 hour, 52 minutes 

Power consumption 60 K.W.H. 
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The charge was packed loosely in the furnace up to the 
level of the electrodes. The core was inserted and the remain- 
ing charge added, filling the furnace. At first it required a 
potential of 4G volts to produce a current of 400 amperes 
through the furnace. Small gas volcanoes appeared a^ost 
at once, followed by flames, bright yellow at the base with 
reddish yellow tips. The power input was maintained as 
high as possible, being limited by the violence of the gas evolu- 
tion which resulted in loss of charge when the power input 
became too high. After the first violent evolution of gas 
subsided, the charge presented the appearance of gentle 
boiling. After half an hour, when the total power input had 
reached 15 K.W.H., one end of the charge ceased boiling and 
settled to form a crust. This effect spread gradually until 
the entire charge was crusted over and quiet. Heating was 
continued about half an hour more. The entire charge finally 
became bright red in color but the temperature could not be 
raised ftmther. At first the current was carried almost en- 
tirely by the core ; but the charge itself soon began to conduct 
with the result that the current rose and the voltage fell off 
rapidly, until at the end of the run the current reached 1750 
amperes and the voltage dropped to 5. These results made 
it evident that the conductivity of the core and heated charge 
was too great to allow the input of power at a rate sufficient 
to produce the very high temperature desired. 

When the cooled charge was examined, a grayish black 
granular core about 4 inches in diameter was found in the 
center, extending the length of the charge between the elec- 
trodes. Small deposits of spongy material, metallic in ap- 
pearance and rather bluish in color, which subsequent exami- 
nation proved to be zirconium carbide, were found in close 
proximity to the original core. The total weight of “sponge” 
was about six pounds. The remaining contents of the ftimace 
consisted of unchanged charge. The original graphite core 
was not attacked, indicating the presence of an adequate 
supply of carbon in the charge. Some slight indications of 
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the volatilization of silica were found on the furnace walls, 
but the power input evidently was too low. 

The three subsequent runs were made in an attempt to 
increase the power input, but without marked success. The 
results of the four runs may be summarized as follows; 


Tabi.b I 




Carbide 

‘‘sponge” pounds 

[ Metal in Sponge when Zr » 100 

Si 

Fe 

Ti 

60 

32 

6.0 

3.7 

4.48 

0.79 

75 

34 1 

6.5 

11.0 

5.50 

0.78 

100 

38 

10.0 

12.2 

7.60 

0.79 

80 

40 

7.5 

5.5 

2.60 

0.87 



Original Ore 

15.1 

5.37 

0.89 


The behavior of the carbide “sponge” on analysis showed 
that most of the silicon was present as the carbide, thus 
indicating that in general the temperature of the mass was not 
high enough to ensure the removal of the silicon by volatil- 
ization. As the data indicate, the removal of silicon varied 
in a very irregular manner, being fairly complete in some 
cases but very incomplete in others. Other samples from 
portions of the charge farther removed from the core showed 
higher ratios of silicon to zirconium. This follows naturally, 
since volatilization of silicon would occur first in the hottest 
portion of the charge, i. e., around the core, and would be 
less evident in regions at a greater distance from the soiurce 
of heat. 

The data indicate little or no elimination of titanium 
or of iron, except in the fourth run where considerable iron 
was apparently removed. In this run, however, about 9 
pounds of common salt was added to the charge resulting in 
the elimination of approximately half the iron, presmnably 
through the formation of the volatile chloride. All things 
considered, the results obtained with the resistance furnace 
were unsatisfactory and this type of furnace was abandoned 
in favor of one of the arc type. 
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Experiments with an Arc Furnace 

The furnace shell of the arc furnace consisted of an iron 
pot, lined with fist-sized pieces of zirkite ore. The lining 
was faced smooth with ground zirkite bonded with a little 
water glass, and contained the same ratio of carbon to zirkite 
as the charge proper. The resulting hearth was cone-shaped, 
8 inches in diameter at the top, 4 inches in diameter at the 
bottom, and 8-10 inches deep. This lining was tom out 
after each run to facilitate removal of the charge. The 
lower, horizontal electrode, composed of two 2-inch square 
graphite electrodes, formed the floor of the hearth, enter- 
ing through a rectangular opening in the side of the cast iron 
pot. The upper electrode was a 4-inch square carbon electrode, 
suspended in a vertical position and counter-weighted to allow 
adjustment. Both electrodes were clamped in water-cooled 
electrode holders and connected to bus bars by means of 
flexible cables. 

The first mn performed in this furnace will be described 
in detail, as being t 5 rpical of all the mns carried out subse- 
quently. 

Run 5 


Ratio of ore to carbon in charge 

Total weight of charge 

Time of run 

Power consumotion 


100 : 45 
11 pounds 
45 minutes 
32. 5 K.W.H. 


The run was started by striking an arc between the bare 
electrodes. The walls of the cone immediately began to slag 
down so that the first addition of charge was made as soon as 
possible after starting the arc. The charge was fed in slowly 
and was observed to solidify when it reached the zone of the 
arc. During the early stages of the run the arc was smothered 
by the charge but after all the charge had been added the arc 
was mn open, and remained fairly quiet. The current was 
maintained at about 1000 amperes until the evolution of 
fumes had almost ceased when the arc became noisy and hard to 
maintain. The run was stopped when this point was reached. 

The top of the charge oxidized during cooling, forming 



828 


J. G. Thompson 


a layer of fine white oxides, below which lay a brittle, black 
mass weighing approximately 3.5 pounds. A sample for 
analysis was ta:ken from the center of this cake and gave the 
following ratio: 

100 Zr: 4.85 Si: 6.38 Fe: 0.70 Ti 
A series of runs was made in which the ratio of carbon 
(petroleum coke) to zirkite ore was varied systematically. 
The results are assembled in the following tables. 

Table II 


Effect of Varying Ratio of Ore to Carbon 


Run 

Charge Pounds 

Carbon 
per 100 ore 

KWH. 

Yield purified 
product pounds 

5 

11.0 

45 

52.5 

3.5 

9 

12,5 

25 

18.25 

3.0 

10 

12.0 

20 

17.5 

3.1 

11 

15.4 

15 

21.5 

5.0 

18 

15.4 

10 

19.3 

7.0 

19 

1(5.8 

5 

27.0 

9.9 

Metal Ratio in Product 

Run 

Zr 

vSi 

Fe 

Ti 

5 

100 

4.85 

6.38 

0.70 

9 

100 

;i.o:3 

6.. 50 

0,04 

10 

100 

2.21 

5,00 

0..55 

11 

100 

0.88 

5.92 

0.70 

18 

100 

i.:ii 

8.7.3 

0.09 

19 

100 

1.80 

6.G7 

0.73 

Ore 

100 

15.70 

5.37 

0.89 


Table III 

Elimination of Impurities 


Run 

Carbon per 100 ore 

1 Percentage elimination of 

Si 

Fe 

Ti 

5 

45 

68 

-19 

21 

9 

25 

80 

-21 

28 

10 

20 

85 

7 

38 

11 

15 

94 

-10 

21 

18 

10 

91 

-62 

22 

19 

5 

88 

-24 

18 
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The data obtained with the arc furnace show a maximum 
in the removal of silicon when the ratio of zirkite to carbon 
is 100:15. Calculations based on the silica content of the 
ore show that a little more than 10 parts of carbon to 100 
parts of ore is just enough to transform all of the silica into 
carbide (carborundum) and carbon monoxide. We have, 
therefore, come to the conclusion that the best high-tempera- 
ture elimination of silicon is obtained when little more than 
enough carbon is used to form carbide with the silicon only, 
leaving the zirconium oxide undecomposed. 

When more than 15 parts of carbon arc used the elimina- 
tion of silicon becomes steadily less complete. Under these 
circumstances it is known that zirconium carbide is actually 
produced in the arc. The zirconium carbide therefore appears 
to retain some of the silicon and the suggestion is offered that 
stable double carbides of silicon and zirconium may be pro- 
duced or that the two carbides form solid solutions or mixed 
crystals. Runs in which granular electrode carbon was sub- 
stituted for petroleum coke showed that better results may be 
obtained on a small scale with the more finely divided coke. 

An interesting fact brought out by these experiments is 
the high melting point and stability, in a reducing atmosphere, 
of the carbide of zirconium. As long as there was an excess 
of carbon present, over and above the amount required for the 
complete conversion of the oxides to carbides, it was impossible 
to melt the product even under the direct action of a 40-50 
killowatt arc. 

The partially purified carbide apparently had a higher 
melting point than the oxide product with the same relative 
composition. This was shown in the runs in which the ore 
melted and formed a pool under the arc, the pool solidifying 
as soon as more carbon was added. In order to use the carbide 
as a refractory, however, it would be necessary to protect it 
from oxidation. The black carbides all burned readily in the 
air to form light, fluffy oxides. Heating the powdered car- 
bides to dull redness is sufficient to start the oxidation which 
then proceeds slowly but persistently. 
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The data show that some titanium was also eliminated but 
no iron, there being an apparent increase in the amount of 
the last impurity. This apparent increase in the iron content, 
especially in the case of Run 18, is due to the difficulties 
encountered in analysis. The samples of furnace products 
must be pulverized for analysis and, since the amount of 
siliconr present is of primary importance, grinding such abrasive 
material in an agate mortar is out of the question. The only 
other method available was the use of a cast-steel bucking 
board, which resulted, naturally, in contamination of the 
samples. In view of the time required for analysis it was not 
considered advisable to grind additional samples in an agate 
mortar for the determination of iron. From a consideration 
of the data in Table III, therefore, one may safely conclude 
only that little if any iron was eliminated under the conditions 
of experiment. 

Other runs were made in which sodium chloride was added 
to the charge of ore and coke to aid in the removal of iron, 
but curiously enough no iron was eliminated in this way. It 
is possible that the rapid attainment of the high temperature 
under the arc decomposed the chloride before it could be 
volatilized away. 

Since the treatment in the electric furnace was not suc- 
cessful in eliminating the iron, other means of accomplishing 
this end were sought. 

Experiments on the Removal of Iron 

Different samples of the various electric furnace products 
all showed magnetic properties, due presumably to the pres- 
ence of iron either as carbide or alloy. Accordingly attempts 
were made to use these magnetic properties as a basis of sepa- 
ration of the iron but the attempts were not successful. The 
magnetic portions contained approximately half of the zir- 
conium and the non-magnetic portions contained appreciable 
amounts of iron. 

Attempts were next made to remove the iron by leaching 
with 5 percent sulphuric acid.* Both the carbide and the 


^ Barton: loc. cit. 
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<k>rresponding oxidized products of the electric furnace runs 
were leached with hot and with cold 5 percent sulphuric 
acid. The iron in the carbide appears to be more susceptible 
to leaching than is the iron in the oxidized material; but, 
even in the case of the carbide, less than half of the iron could 
be removed in this way. 

A series of experiments was next carried out on the re- 
moval of iron by treatment of the carbides or mixed oxides 
with chlorine^ at both low and high temperatures. The ex- 
periments were carried out in a small, horizontal, tube fur- 
nace and the frequent clogging of the apparatus by the vola- 
tile products of the reactions, especially at high temperatures, 
showed plainly that a furnace of special design is essential for 
investigation of this possibility. N evertheless, results were ob- 
tained which indicated that iron may be removed in this way 
from zirconium carbide at low temperatures and, at high tem- 
peratures, from zirconium oxide from which silicon had been 
largely eliminated in the arc furnace. It would seem, therefore, 
that a fairly pure zirconia for refractory purposes might be 
made from crude zirkite ore by eliminating in an electric furnace 
as much as possible of the silicon and by following this by 
treatment with chlorine or phosgene® to remove the iron. 

This investigation is admittedly incomplete in many ways. 
The limited time at our disposal and the difficulty of, and 
the time consumed by, the analytical work' involved, may be 
offered as an excuse. It is hoped, however, that attention 
will be called to the problem of large-scale purification of 
zirconium oxide, so that the latter may become more generally 
available as a refractory material for very high temperatures. 
A summary of the results obtained follows : 

Summary 

(1) Ninety to ninety-five percent of the silicon may 
be removed from siliceous zirkite ore by heating a mixture 


^ Phillips: loc. cit. 

* Baskerville: Science, 50, 443 (1919). 
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of ore and carbon to a temperature greater than 2220° C in an 
electric furnace. 

(2) The best results appear to be obtained by feeding 
into an arc furnace a mixture of ore and coke, the amount of 
carbon being approximately that required to transform only 
the silicon to the carbide. 

(3) The existence of stable double carbides of silicon 
and zirconiixm or of solutions of silicon carbide in solid zir- 
conium carbide has been suggested as an explanation of the 
incomplete removal of silicon when carbon in excess of that 
required to form only silicon carbide is used. 

(4) It is suggested that zirconia sufficiently pure for 
refractory purposes might be obtained from zirkite ore by 
removing the silicon in an electric furnace and following this 
treatment with chlorine or phosgene to remove the iron. 

(5) Attention has been called to the refractory properties 
of zirconium carbide and the factors which limit its use. 

(6) Methods of analysis of zirconium compounds have 
been reviewed briefly and a modified scheme of analysis has 
been outlined for the determination of zirconium and the three 
major impurities, silicon, iron, and titanium. 

Cornell University 
igso 



BORON HYDRIDES 


BY MAURICE L. HUGGINS* 

According to Stock and his coworkers, ^ there are at 
least ten boron hydrides, of which the formulae of four are 
known: BjHs, B4H101 BbHjj, and B10H14. Stock considers that 
in these compounds boron is quadrivalent, but, in the light of 
present day evidence in regard to atomic structure, it does not 
seem possible that boron can be quadrivalent in the sense that 
carbon is quadrivalent — ^that in these substances each boron 
atom can be directly bonded, throughelectron pairs, to four other 
atoms. Also, the compound B10H14 is not simply accounted 
for in this way ; and furthermore, why is it that boron exhibits 
such a valence only in its hydrogen compounds? 

Because of the above considerations, the author has been 
led to look for some other type of structure for these compounds, 
based on the idea that boron possesses but three valence 
electrons. The structures arrived at are illustrated in Figures 
1 to 4 . 

The analogy between these structures and those of the 
carbon compounds, ethylene (H2C = CH2), butadiene (HjC = 
CH — CH = CH2), benzene® (Fig 5 ), and naphthalene (Fig. 6 ), 
is very striking. 

It has been pointed out by the author* that the “residual 
affinity” supposedly possessed by “unsaturated atoms” in 
many organic molecules is more properly considered a property 
of the double or triple bond, and results in the attraction of 
other unsaturated structures and the formation (usually only 

* DuPont Fellow in Chemistry at the University of California, 1921-1922. 

* Stock and Massenez, Ber. deutsch. chem. Ges., 45, 3539 (1912); Stock 
and Friederid, Ibid., 4<5, 1969 (1913); Stock, Friederid and Priess, Ibid., 46, 
3363 (1913): Stock, Zeit. Blektrochemie, 19, 779 (1913); Stock, Kuss and 
Prdss, Ber. deutsch. chem. Ges., 47, 3116 (1914). 

* Concerning the benzene and naphthalene structures, cf. Huggins, Jour. 
Am. Chem. Soc., 44, 1607 (1922); Sdence, 55, 678 (1922). 

* Jour. Am. Chem. Soc., 44, 1607 (1922). 
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temporarily) of a bond of three or four (or sometimes^more) 
electrons. Now if we suppose that boron atoms have a greater 
tendency to form and maintain sudi complexes than have 
carbon atoms, the structures illustrated are accounted for. 



» H 

H H H H 

FIG.2-B4Hio 



FI6.?-B6Hi 2 FIG.6-C,oHa 

Altho the “residual affinity” of the boron-boron double bond is 
strong enough to hold onto hydrogen atoms, it may be in- 
capable of holding onto larger atomic kernels. 

Although the figures picture the hydrogens as in the same 
plane as the boron nuclei and the bond electrons, it is more 
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probable that the electrons in each four-electron bond and the 
atomic kernels around each such bond are tetrahedrally ar- 
ranged. It is also possible that in BjH^ and BioHu (and per- 
haps in the others) the boron nuclei are alternately to one side 
or the other of the plain containing the electronbonds (the 
plane of the paper, in the figures), the three valence electrons 
forming, with the two electrons in each boron kernel, a very 
much distorted tetrahedron around each nucleus. 

Little is known of the properties of these substances which 
would serve as evidence for or against this theory. Further 
experimental evidence is needed before these or any other 
proposed structures may be considered proved. 

Summary 

1 . Structures are proposed for the compounds BzHe, B4H10, 
BeHi2i and B10H14. 

2. These structures are analogous to those of the carbon 
compounds ethylene, butadiene, benzene, and naphthalene, 
respectively. 

3 . The hydrogen atoms are held by means of four-electron 
bonds, such as often exist (temporarily at least) in unsaturated 
organic compounds. Each such bond is surrounded by four 
atoms. 

Chemical Laboratory 
University of California 
Berkeley, California 



ADSORPTION OP IONS BY FRESHLY PRECIPITATED 
MANGANESE DIOXIDE 

BY P. B. GANGULI AND N. R. DHAR 

Introduction 

It is well known that the precipitate which comes down 
when an electrolyte is added to a sol, shows a certain amount 
of adsorption of one of the ions of the electrolyte ; a negatively 
charged colloid adsorbing the cation and vice versa. According 
to the Schulze-Hardy Law one would expect that the amount 
adsorbed would vary inversely as the valency of the adsorbed 
ion; the higher the valency of the ion the less will be the ad- 
sorption. In the following experiments the amount of adsorp- 
tion of different ions by manganese dioxide during the course 
of its precipitation by mixing potassium permanganate with 
manganous sulphate, have been determined. Manganese 
dioxide has been found to be a negatively charged colloid 
and shows considerable adsorption of cations. The influence 
of the anions on the adsorption of cations by manganese di- 
oxide have also been studied by using electrolytes having the 
same metallic ion but different anions. 

Expepimental 

When to a solution of potassium permanganate a solution 
of manganous sulphate is added and the mixture shaken, a 
precipitate of manganese dioxide comes down. According to 
Volhard, the reaction takes place in the following manner; 

2KMn04 + SMnvSOi -t- TH^O = 2KHSO4 4 - H2SO4 
+ SMnOs.HoO. 

The manganese dioxide in the above reaction is not precipitated 
at once ; but if sufficiently dilute solutions be used, a fairly stable 
colloidal solution is formed, which can be kept for a sufficiently 
long time with the help of a stabiliser like gelatine. Normally 
however the manganese dioxide settles down with time es- 
pecially in concentrated solutions. There is thus a marked 
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tendency for the manganese dioxide precipitated in the above 
reaction to separate first as a colloidal solution and then owing 
to the presence of electrolytes, and the unstable nature of the 
colloid itself to get precipitated. This behavior was also 
observed by Deiss,^ who prepared a solution of manganese 
dioxide by reduction of permanganate by sodium arsenite. 
In view of the above considerations manganese dioxide pre- 
cipitated in the above manner seems well suited for adsorption 
experiments. 

Weiser* has found appreciable adsorption of anions by 
barium sulphate generated from sodium sulphate and the 
barium salt of the various acids giving rise to the anions. We 
have found that a pure dry sample of barium sulphate gives 
no appreciable adsorption with either copper sulphate or cop- 
per chloride. This points to the view that a fine precipitate is 
more active while it is in the course of being precipitated, than 
when once it has been precipitated. In the following experi- 
ments, instead of using a dry old sample, the conditions of the 
experiments have been so arranged that the electrolytes came 
in contact with the manganese dioxide while it was being pre- 
cipitated. To secure the above object 5 cc of a Vs N solution 
of potassium permanganate was placed in a dry bottle. 5 cc 
of a N .solution of the electrolyte under examination was next 
introduced into the bottle and finally 5 cc of a solution of man- 
ganous sulphate equivalent to 5 cc of the permanganate solu- 
tion were run in. The strength of the manganous sulphate was 
adjusted by estimation of its manganese content. The re- 
sulting solution was titrated against its own volume of the po- 
tassium permanganate solution. After the solutions had been 
added, the bottle was securely stoppered and shaken for half 
an hour in a mechanical shaker. It was seen as a result of a 
trial experiment that a shaking of five minutes is sufficient 
to bring about equilibrium in the system. The contents of 
the bottle were next filtered and washed with cold water till 
the filtrate was free from all traces of the electrolyte under 

‘ Zeit. KoUoidchemie, 6, 60 (1910). 

» Jour. Phys. Chem., 23, 206 (1919). 
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examination, and the cation content of the total filtrate esti- 
mated by suitable gravimetric or volumetric methods. 

In the cases of monovalent sodium and lithium salts an 
aliquot part of the filtrate was analysed without the addition 
of any wash water to the filtrate. 

Nearly normal solutions of about thirty different electro- 
l)rtes were investigated in the above manner. The exact cation 
contents of the electrolytes were determined beforehand by 
suitable methods and knowing the cation content after adsorp- 
tion, the amount adsorbed was known. 

The experimental results are given in Table I, and in Table 
II are given the number of gram-mols of electrol3rte adsorbed 
by one gram of manganese dioxide. 

Discussion of Results . — As we have already said, according 
to the Schulze-Hardy Taw, the amountof an ion adsorbed by a 
fixed quantity of a sol, would vary inversely as the valency 
of the ion. An examination of the experimental results ob- 
tained shows that monovalent silver ion has a higher percentage 
of adsorption than all the bi-, tri-, and quadrivalent ions 
studied. Trivalent aluminium ions have a lower percentage of 
adsorption than the monovalent and most of the bivalent ions, 
being about Vioth the value of monovalent silver ions. These 
results are in agreement with the Schulze-Hardy Law. 

Trivalent cerium and quadrivalent thorium ions have a 
higher percentage of adsorption than bivalent nickel ions from 
nickel chloride, mercuric ions from mercuric chloride and 
magnesium ions from either the chloride or the sulphate. 
Monovalent lithium ions have a percentage adsorption of 4.8, 
which is smaller than the values for trivalent cerium or quadri- 
valent thorium. Trivalent cerium and quadrivalent thorium 
ions have both the same percentage of adsorption, viz. 5.4. 
The values of the percentage adsorption of the divalent ions 
vary over a wide range, the ratio between the highest and lowest 
value being 1:9. Magnesitim chloride has a percentage 
adsorption of 2.2 which is «iual to the value of trivalent alumin- 
ium sulphate, while divalent lead nitrate has a value 19.8 
Which approximates to the value of monovalent silver nitrate. 
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TablB I 


Adsorption of Electrolytes by Manganese Dioxide 


Salt 

Concen- 

tration 

before 

adsorption 

Concen- 

tration 

after 

adsorption 

Percent- 

age 

adsorbed 

Method of estimation 

AgNOs 

N 

.787N 

21.25 

Volumetrically by KCNS 

NaCl 

N 

.899 

10.01 

Gravimetrically as 
anhydrous NaCl 

EiCl 

N 

.951 

4.81 

Gravimetrically as 
anhydrous LiCl 

CdS04 . 

N 

.988 

11.15 

Gravimetrically as 
anhydrous CdS 04 

Cd(NOa)2 

N 

.921 

7.85 

Gravimetrically as 
anhydrous CdS 04 

Cu(NOa)2 

1.1 N 

.961 

12.0 

Gravimetrically as CuO 

CuCla 

1.02N 

.899 

11.88 

Gravimetrically as CuO 

CuSOa 

N 

.839 

16.02 

Gravimetrically as CuO 

BaClj 

N 

.917 

8.27 

Gravimetrically as BaS 04 

Ba(NOs)s 

0.57N 

.50 

12.3 

Gravimetrically as BaS 04 


N 

.940 

6.0 

Gravimetrically as ZnO 

Zn(NOa)* 

1.2 N 

1.122 

6.5 

Gravimetrically as ZnO 

C 0 CI 2 

1.08N 

.926 

14.2 

Gravimetrically as metallic 
Co 

Gravimetrically as metallic 
Co 

Gravimetrically as metallic 

I Co 

Gravimetrically as NiO 

Co(N08)a 

1.07N 

.982 

8.24 

C 0 SO 4 

1.02N 

.846 

17.0 

NiCU 

N 

.960 

4.0 

NiCNOa), 

N 

.930 

7.0 

Gravimetrically as NiO 

MgCl* 

1.08N 

1.056 

2.2 

Gravimetrically as Mg 2 P 207 

MgSO* 

1.2 N 

1 . 168 

2.6 

Gravimetrically as Mg 2 P 207 

Sr(NOs)s 

0.98 

.884 

9.8 

Gravimetrically as SrS 04 

Pb(NOa)s 

0.61N 

.49 

19.6 

Gravimetrically as PbS 04 

HgCla 

0.2 N 

.194 

3.2 

Volumetrically by KI 

Ferric alum 

1.07N 

.713 

33.4 

Gravimetrically as PetOa 

FeCla 

N 

.610 

38.94 

Gravimetrically as Fe 203 

FeCla 

N 

.629 

37.06 

Gravimetrically as Fe^Oa 

Fe(NO,), 

N 

.53 

47.0 

Gravimetrically as Fe208 

Potash alum 

N 

.981 

1.94 

Gravimetrically as AI 2 O 3 

Potash alum 

N 

.968 

3.2 

Gravimetrically as AI 2 O 3 

AU(S04)* 

Al 2 (SO«)a 

1.06N 

1.037 

2.2 

Gravimetrically as AI 2 O 8 

1.06N 

1.026 

3.2 

Gravimetrically as AI 2 O 8 

AI(N08)8 

0.92N 

.782 

15 

Gravimetrically as AlaOa 

Al(NOa)a 

0.92N 

.745 

19 

Gravimetrically as AUOa 

CeCl, 

1.09N 

1.03 

5.4 

Gravimetrically as CeOa 

U0,(N0,)2 

N 

.918 

8.2 

Gravimetrically as UsOg 

Th(NO,)4 

N 

.946 

5.4 

Gravimetrically as ThOa 
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Tabi^ II 

Gram-mols. of Electrolyte adsorbed by one Gram of Manganese 

Dioxide 


Salt 

Strength of 
the solution 

Percentage 

adsorbed 

No. of gram>mol of elec- 
trolyte adsorbed by 1 
gram of MnOg 

AgN03 i 

N 

21.26 

.006107 

NaCl 

N 

10.01 

.002876 

LiCl 

N 

4.81 

.001382 

CdS04 

N 

11.15 

.001600 

Cd(N03)3 

N 

7.85 

.001128 

Cu(NO,), 

1.1 N 

12.6 

.001992 

CuClj 

1.02N 

11.88 

.001690 

CUSO 4 

N 

16.02 

.002300 

BaCls 

N 

8.27 

.001188 

Ba(N03)2 

0.57N 

12.3 

.001007 

ZnS04 

N 

6.0 

.000862 

Zn(NO ,)3 

1.2 N 

6.5 

.001120 

CoCls 

1.08N 

14.2 

.002203 

Co(N03)2 

1.07N 

8.24 

.001207 

COS 04 

1.02N 

17.0 

.002491 

NiClj 

N 

4.0 

.000574 

Ni(N03)3 

N 

7.0 

.001006 

MgCl* 

1.08N 

2.2 

.(X)0341 

MgS04 

1.2 N 

2.6 

.000448 

Sr(NOs )2 

0.98N 

9.8 

.001380 

Pb(N03)2 

0.61N 

19.0 

.001718 

HgCl, 

0.2 N 

3.2 

.000018 

Ferric alum 

1.07N 

33.4 

.003442 

FeCl, 

N 

38.0 

.(K)3702 

Fe(NO,). 

N 

47.0 

.004483 

Potash alum 

N 

2.57 

.000246 

Al3(S04)3 

1.06N 

2.7 

.000276 

A1(N03)8 

0.92N 

17.0 

.001496 

CeCU 

1.09N 

5.4 

.000563 

U02(N0,)2 

N 

8.2 

.000586 

Th(NO,)4 

N 

5.4 

.000385 


viz. 21.26. These results are all opposed to the Schulze- 
Hardy Law. 

If we arrange the electrolytes in the order of their per- 
centage adsorption, we get the following series: 

Potash alum, MgS04 > ALCSOOa, MgCL > NiCU > CeCL 
> LiCl > Th(NO,)4 > ZnS04 > Zn(N03)2 > Ni (N03)2 > 
Co(N 03 )o > Cd(NO,).2 > U02(N03)2 > BaCL > Sr(NO»)2 
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NaCl > CdS04 > CuCh > BaCNOs)* > Cu(N03)2 > CoCU > 
CuS04 > C0SO4 > AKNOs)* > Pb(N03)2 > AgN03 > Ferric 
alum > FeCls > Fe(N03)3. 

In the above series the positions of MgvS04, CeCU, LiCl, 
Th(N03)4, NaCl, A1(N03)3, and the ferric salts, are anomalous. 

The number of gram-mols of electrolyte adsorbed by one 
gram of the manganese dioxide, has been calculated. From 
these numbers we get the following order for the coagulative 
powers : 

HgClo > Potash alum > Al2(S04)3 > MgCb > Th(N03)4 

> MgS04 > CeCU > NiCb > U02(N03)2 > ZnS04 > NiCNOs): 
>Ba(N03)2> Zn(N03)2 > Cd(N03)2 > BaCb > Co(N03)2 > 
Sr(N03)2 > LiCl > A1(N03)2 > CdS04 > CuCl2> Pb(N03)2 > 
Cu(N() 3)2 > C0CI2 > CuvS04 > CovS04 > NaCl > Ferric alum 

> FeCU > FeCNO*)* > AgN03. 

In the above series the two trivalent aluminium salts 
occur at about the beginning, the divalent electrolytes generally 
occur in the middle, while monovalent silver nitrate is the last 
member of the series. In so far a general tendency to follow 
the Schulze-Hardy Law is discernible. But the positions of 
mercuric chloride, magnesium chloride, thorium nitrate, mag- 
nesium sulphate, lithium chloride, aluminium nitrate, the 
ferric salts, etc., are not in accordance with the Schulze-Hardy 
Law. In fact the positions of lithium ion between divalent 
strontium and cadmium ions, of quadrivalent thorium between 
divalent magnesium ions, of trivalent cerium ion between di- 
valent magnesium and nickel ions are very difficult to reconcile 
with the Schulze-Hardy Law. Weiser (loc. cit.) has also found 
that the order obtained from the adsorption of anions by barium 
sulphate did not follow at all the Schulze-Hardy Law. 

In estimating the filtrates after adsorption in the cases of 
lead and barium salts, allowances had to be made for the lead 
and barium sulphates precipitated along with the manganese 
dioxide owing to the sulphate ions arising from the manganous 
sulphate added. Barium sulphate during the course of its 
precipitation however does not interfere with the adsorption 
of cations by manganese dioxide, because colloidal solutions 
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of barium sulphate are positivdy charged and do not show any 
appreciable adsorption of cations. 

All the ferric salts studied have shown a high percentage of 
adsorption, varying from about 35 to 40%. Aliuninium ions 
from aluminium nitrate have also a much higher value, being 
about eight times greater than the value of alum. The ab- 
normally high values seem to be due to the hydrolysis of the 
electrolytes. It is well known that a solution of ferric alum 
decomposes with the separation of ferric hydroxide when boiled 
for some time. That a partial decomposition of these ferric 
salts took place was seen from the color of the manganese 
dioxide. In other cases it was black, while in the cases of 
ferric salts, it had brownish color, strongly suggesting contam- 
ination with ferric hydroxide. The high value in the case of 
aluminium nitrate seems to be peculiar in view of the fact 
that aluminium sulphate gives a percentage adsorption of only 
2.2, aluminium nitrate being about 18. There is no reason 
to believe that aluminium nitrate has a greater tendency to 
hydrolyse than aluminium sulphate. 

The differences in the values shown by electrolytes with 
the same cation is very marked, which will be seen from Table 
III. 


Table III 
Effect of Anions 


Salt 

% 

Salt 

% 

CdS04 

11.15 

CoClj 

14.2 

CdCNOs)* 

7.8 

Co(NO,), 

7 

BaCh 

8.27 

C 0 SO 4 

16 

Ba(NO»)j 

12.2 

CuCU 

12.6 

ZnS04 

6 

Cu(NOs)* 

11.88 

Zn(N08)* 

6.5 

CUSO 4 

16.02 

MgCI* 

2.2 

Potash alum 

1.9to3.2 

MgS 04 

2.6 

Al2(S04)8 

2.2 to 3.2 

NiCl, 

4 



Ni(NO,)8 

7 




The wide variations in the values obtained for electrolytes 
with the same cation but different anions, is very marked. 
There seems however no regularity in the variations shown by 
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these electrolytes having the same cation. Generally the sul- 
phates show a higher percentage of adsorption than either the 
chloride or the nitrate of the same metal. 

From our experimental results we see that among the elec- 
trol)d;es of the metals occurring in the same group in the periodic 
table, the values of the percentage adsorption of cations by 
the manganese dioxide are in the order of their atomic weights, 
which will be seen from Table IV. 


Tablb IV 

Percentage Adsorption of Cation 


Salt 

At. wt. of 
metal 

Percentage 

adsorption 

At. wt. of metal 

Percent- 
age ad- 
sorption of 
nitrates 

Percentage 
adsorption 
of the sul> 
phates 

LiCl 

7 

4.81 

Mg 24 . 4 


2.6 

NaCl 

23 

10.01 

Zn 65 . 4 

6.5 

6.0 

Sr(NOs )4 

Ba(N08)2 

87.6 

137 

9.8 

12.3 

Cd 112.4 

7.85 

11.15 


But in the cases of nickel and cobalt salts no such relation 
can however be seen. On the contrary though they have very 
nearly equal atomic weights, the values of the percentage ad- 
sorption of nickel and cobalt chlorides by manganese dioxide, 
varies from 4 in the case of nickel to 14.2 in the case of cobalt. 

Summary 

The coagulative powers of different electrolytes as calcu- 
lated from the percentage of the cation adsorbed from nearly 
normal solutions of the electrolytes, by manganese dioxide, 
have been found to follow the Schulze-Hardy Law but partially. 

The effects of the anions on the adsorption of cations by 
manganese dioxide have been fotmd to be very marked. There 
is however no regularity in the variations shown by the values 
of the percentage adsorptions of the cations, with variations 
of the anions, the cation remaining the same. 

In the case of ferric salts abnormally high percentages of 
adsorption of ferric ions by manganese dioxide have been ob- 
tained. This is probably due to a partial decomposition of the 
salts with formation of ferric hydroxide. 
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Among the electrolytes of the metals occurring in the 
same group in the periodic table, the values of the percentage 
adsorption have been found to be generally in the order of 
their atomic weights. 
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Muir Central College 
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THE PHYSICAE CHEMISTRY OF DYEING. ACID 
AND BASIC DYES. 


BY T. R. BRIGGS AND ARTHUR W. BUDD* 

Introduction 

The various theories which have been proposed from time 
to time to account for the phenomena of dyeing may be clas- 
sified, in general, as either physical or chemical. In the latter 
class are grouped all explanations based on the assumption 
that a chemical reaction occurs between the dye and the fiber. 
In the physical interpretation the presence of chemical reactions 
is denied except in a few special cases, it being believed that 
in the majority of cases dyeing is due to physical forces or, 
more specifically, to adsorption of the dye by the fiber. 

The adsorption or colloidal theory of dyeing has been 
summarized and elaborated by Bancroft.* Its application 
to acid dyes* may be stated briefly as follows. When any fiber 
is placed in a dyebath, it may adsorb any or all of the con- 
stituents of the bath. (In the case of acid dyes in acidified 
baths these constituents are hydrogen ions, sodium ions, 
(assuming the dye to have been a sodium salt), anions of the 
dye, anions of the acid, and undissociated compounds.) Hy- 
drogen ions being, in general, more strongly adsorbed than other 
univalent cations will be taken up largely and the fiber will 
become charged positively relative to the solution. This 
positive charge, in turn, will lead to an increased adsorption 
of anions,* and by this secondary process of adsorption the 
charge on the fiber will be more or less neutralized. The 

* A thesis submitted by Arthur W. Bull to the Faculty of the Graduate 
School of Cornell University in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 

* Jour. Phys. Chem., 18, 1, 118, 383 (1914); 19, 60, 145 (1915). 

' An add dye is one which contains the color in the acid radical and which 
dissociates in water solution to give colored anions. 

‘ Bancroft : Jour. Phys. Chem., IS, 10 (1914) ; "Applied Colloid Chemistry,” 
116 (1921). 
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anions of dye and of add will both be taken up in amounts 
which are determined for a given fiber by the nature of the ions 
and by their concentrations. Since, in being adsorbed, the 
anions of an add dye have to compete with the other anions 
of the bath, it follows that the addition of other strongly ad- 
sorbed anions will decrease the amount of dye taken up. In 
a similar way, the addition of a strongly adsorbed cation will 
cause an increase in the amount of an acid dye taken up, other 
factors remaining constant. In all cases there may be some 
concurrent adsorption of undissociated dyes. On the basis 
of this theory it is possible to explain the facts met with in 
dyeing with add dyes. 

The final effect produced by the addition of any given re- 
agent to a dyebath may be the resultant of several different 
factors. In general, the added reagent may affect either the 
fiber or the dyebath. It may act on the fiber chemically as 
in the case of sodium hydroxide on wool, or it may be adsorbed 
by the fiber thereby modifying the extent of adsorption of other 
substances. 

The effect on the dyebath may be more complex. The dye 
may be decomposed chemically by the formation of a salt 
or by the production of the free color acid or base. If the dye 
is in true solution, the reagent may change its solubility, there- 
by affecting the amount of dye adsorbed. If the dye is in 
suspension, the added reagent will produce some change in its 
degree of dispersion and will therefore influence the amount 
of dye adsorbed. This latter action is of prime importance 
in the case of substantive dyes. Finally, the added reagent 
may change the hydrogen ion concentration of the dyebath. 
It will be shown subsequently in this paper that the hydrogen 
ion concentration of the dyebath is the most important single 
factor affecting the process of dyeing. 

In the experiments described in this paper no evidence 
of any chemical action of the reagents on the fiber was ob- 
tained, except with relatively high concentrations of sodium 
hydroxide. Experiments on the diffusion of the acid dyes 
employed in this, work showed these dyes to be presumably 
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in true solution, at least in neutral, weakly acid, or weakly 
alkaline baths. Electrometric titration of Orange II indicated 
that the free acid of the latter is strongly ionized and the other 
acid dyes used are presumably similar in this respect since 
they are all sodium salts of sulfonic acid derivatives. It was 
therefore concluded that in all baths containing acid dyes, 
with the exception of certain special cases to be noted later, 
the color was present in solution almost entirely in the form 
of dye anions. With the basic dyes investigated, however, 
the evidence obtained from experiments on diffusion showed 
that these dyes, while in true solution in a neutral dyebath, 
became increasingly colloidal on the addition of sodium hy- 
droxide, even in relatively small amounts. 

The hydrogen ion concentration of the dyebath is probably 
the most important variable as emphasized previously; but, 
so far as we are aware, no former investigator has controlled 
this factor quantitatively, although Pelet-Jolivet^ pointed out 
its importance. Many of the assistants or restrainers, used 
in dyeing, produce an appreciable and often a great change 
in the hydrogen ion concentration of the dyebath and their 
action in many cases is due more to this change than to any 
other specific action. 

The colloidal or adsorption theory agrees well with the facts 
of dyeing but much of the earlier work on which the theory 
was based was not quantitative and uncontrolled variables 
were often present. It therefore seemed advisable to carry 
out a more rigid investigation, controlling, so far as possible, 
all the variables involved, but particularly the hydrogen ion 
concentration of the dyebath. This paper deals with the 
results obtained with acid and basic dyes. 

Experimental 

Materials used . — ^Two separate lots of wool (Fleisher’s 
Knitting Worsted) purchased at different times, were used and 
found to give closely agreeing results. The yam was first 
treated with a warm, dilute solution of Ivory soap and was then 

' Rev. gin, mat. color., 12, 97 (1908); Abstracts, 2, 2169 (1908). 
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rinsed thoroughly in tap water followed by many changes of hot 
distilled water. The air-dried yarn was kept in a large bell jar 
above a saturated solution of calcium chloride to keep the 
humidity constant, since Wright’ has shown that changes in 
htimidity cause an appreciable variation in the moisture 
content of wool. A small piece of yam was also kept imder 
the bell jar to serve as a control and was weighed from time 
to time to detect any such change. No appreciable variation 
was observed over a period of several months. 

In making preliminary experiments to determine the time 
required for equilibrium to be established between wool and 
dyebath, it was discovered that the amount of Crystal Ponceau 
taken up from a neutral bath passed through a maximum as 
the length of the boiling period was increased, as shown in 
Table I. 


Table I 


Boiling period in minutes 

45 

60 

75 

90 

Milligrams of dye adsorbed 

9.6 

17.5 i 

15.6 

12.7 


This tmexpected result was finally traced to the presence 
in the wool of small amounts of soap apparently retained from 
the previous washing. It is probable that long-continued 
boiling brought about hydrolysis of this soap and that the fatty 
acid thus formed was carried by steam to the lower portions 
of the return condenser where it solidified, leaving the solution 
slightly more alkaline. Since Crystal Ponceau is adsorbed by 
wool less readily from an alkaline solution than it is from a 
neutral or acid one, a portion of the dye already adsorbed was 
removed as the bath became alkaline. 

All reagents except sodium hydroxide were of the standard 
grade marked “Chemically Pure.” Carbonate-free alkali 
was prepared by an electrolytic method. The dyes employed 
in the preliminary experiments were supplied through the 
courtesy of the National Aniline and Chemical Company. 
For the later experiments specially purified dyes were made 

' Jour. Soc. Chem. Ind., 28, 1020 (1909). 

* Jorisaen and Filippo: Zeit. angew. Chem., 23» 726 (1910). 
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available through the co-operation of E. I. du Pont de Ne- 
mours and Company. 

Experimental Procedure . — The following procedure was 
followed throughout this investigation. A dyebath of known 
composition and of a total volume of 250 cc was brought to 
boiling while attached to a return condenser to prevent evapora- 
tion. A one-gram sample of the fiber to be tested was placed in 
this bath and slow but steady boiling was continued for forty- 
five minutes. In many previous investigations the fiber was 
allowed to remain in the bath after boiling until the solution 
had cooled. The latter course is open to serious criticism. 
Lake’ has shown that the amount of dye taken up may vary 
greatly with the temperature of the bath while it is also certain 
that equilibrium between the fiber and the solution is reached 
comparatively slowly at low temperatures. If the fiber is 
allowed to remain in the bath until the solution is cold, the 
amount of dye adsorbed is probably neither the amount taken 
up at the boil nor at room temperature, but will be some inter- 
mediate value depending on the degree of approach to the room 
temperature equilibrium. In this work, therefore, the dyed 
sample was removed directly from the boiling solution at the 
end of forty-five minutes. 

The d)’^ebath was then analyzed for the amount of dye 
left unadsorbed, the free acid present, or for any other sub- 
stances as desired. Aliquot volumes were taken for analysis 
and it was thus unnecessary to correct for the amount of 
solution retained by the wool. 

Determination of the Amount oj Dve Adsoihcd . — The 
amount of dye removed by the fiber under given conditions 
may be determined in two ways. The dyed fiber may be 
compared with a series of color standards in which the 
amount of dye is known, or the quantity of dye removed may 
be secured by difference after the amount of dye left behind 
in the bath is determined. The first method is difficult to 
apply to the deeper shades and the standards are hard to pre- 
pare. The dye left in the bath, however, can be estimated 

> Jour. Phys. Chem., 20, 761 (1916). 
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rather easily in the case of certain dyes. In the earlier ex- 
periments the Kober colorimeter was used for this pmpose. 
As the investigation progressed, however, certain difficulties 
and possible sources of error in the colorimetric method be- 
came evident. The colorimetric analysis of a dye solution is 
based on the assumption that the intensity of color is pro- 
portional to the concentration of dye. On testing this assump- 
tion experimentally it was found not to be in strict accord with 
the facts. ^ For acorrate results it is therefore necessary to 
compare an unknown solution with a color standard of nearly 
equal concentration. On varying the hydrogen ion concen- 
tration of a dyebath, it was observed that acids and bases not 
only affected the color intensity of the latter, but in many 
instances also produced a distinct change in the color itself. 
The following experiment serves to illustrate this effect. 50 
cc of a standard solution of Crystal Ponceau were placed in 
each of three Erlenmeyer flasks. To one flask 10 cc of water 
were added, to the second, 10 cc of N/10 sulfuric acid, and 
to the third, 10 cc of N/10 sodium hydroxide. The solutions 
were then compared colorimetrically. The acid solution was 
found to be apparently eight percent and the alkaline solution 
no less than ttoee hundred percent more concentrated than the 
neutral solution, although the difference of color between the 
neutral and alkaline solutions rendered exact matching diffi- 
cult. It is thus evident that color comparisons, at least with 
this particular dye, must be made between neutral solutions 
or between those containing the same concentration of acid 
or base. Salts have but little effect at low concentrations on 
the color intensity and shade, but in stronger solutions they 
must also be taken into account. The boiling of wool in the 
dyebath also renders the bath slightly cloudy and makes exact 
matching with a clear standard very difficult. Furthermore, 
the colorimetric method is tedious and the eyes become tired 
quickly. It was therefore deemed advisable to abandon the 

1 Compare Gordon; Color Trade Jour., 6, 61 (1920); Chem. Abstracts, 
14,2420(1920). 
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colorimetric method and to employ some other means of 
analysis. 

Titration with titanium trichloride, as suggested by 
Knecht' was thereupon tried and was found to give satis- 
factory results with many dyes. It was found advisable to 
make a few preliminsuy experiments with each new dye to 
determine whether the addition of Rochelle salt was necessary. 
The titanium chloride reagent was standardized directly in 
terms of the dye under investigation by titrating a standard 
solution of the dye to a colorless end-point. All titrations 
were carried out in boiling solutions from which air was ex- 
cluded, in accordance with Knecht’s directions. 

Determination of Hydrogen Ion Concentration. — Through- 
out this investigation the hydrogen electrode was used to 
determine the hydrogen ion concentration of the exhausted 
dyebaths and in some cases also, in the titration of free re- 
sidual acid. Various types of electrodes and electrode ves- 
sels were employed. Free acid was titrated with the Hilde- 
brand* electrode. Clark’s® rocking cell, the Bunker'' electrode 
and a simplified form of the device of Lewis, Brighton, and 
Sebastian® were all used in this work at various times for the 
determination of pH. 

The application of the hydrogen electrode proved difiS- 
cult under the conditions met with in much of this work. 
Adsorption of dye by the electrode tended to lower the ad- 
sorption of hydrogen and to render the electrode inaccurate. 
Traces of grease on the wool were apparently transferred to 
the dyebaths on boiling and subsequently decreased the 
activity of the platinum black. Following a suggestion of 
Dr. E. T. Oakes® the activity of the electrodes was restored by 
immersion in chromic acid cleaning mixture after each de- 

> Ber. deutsch. chem. Ges., 3«, 1552 (1903); 40, 3819 (1907). 

= Jour. Am. Chem. Soc., 35 , 847 (1913). 

» Jour. Biol. Chem., 23, 476 (1916). 

« Ibid., 41 , 11 (1920). 

‘ Jour. Am. Chem. Soc., 39 , 2260 (1917). 

• Personal communication to the author. 
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termination of pH. Some dyes are reduced by hydrc^^ 
in contact with platinum blade and this depolarizing action 
also introduces an error. 

It may be mentioned here that an electrode which, was 
known to be giving low readings in a dye solution was found 
to indicate correct values of pH when used in buffer solutions. 
It proved to be an easy matter to check buffer solutions; 
but dyebaths presented greater difficulties. The Lewis ^ 
type of vessel with a partially submerged electrode was found 
to be most satisfactory. The Btmker® electrode gave good 
results in solutions of inorganic electrol)des, but owing to its 
smaller surface it was more quickly contaminated than were 
the larger electrodes of the other types when placed in the dye 
solutions. 

The hydrogen electrodes were supplied with electrolytic 
hydrogen from a tank. Immediately before use the gas 
was passed through a quartz tube containing a heated ni- 
chrome spiral, to make certain of the complete removal of 
oxygen. 

Normal and saturated calomel electrodes were used as 
standards and were frequently checked for accuracy. Poten- 
tials were measured at room temperature to the nearest milli- 
volt by means of a Leeds and Northrup “Student Type” 
potentiometer. In view of the somces of error met with in 
determining the pH of dyebaths, as discussed in the previous 
paragraphs, the use of a potentiometer of extreme precision 
was not deemed worth while. 

Adsorption oj Hydrochloric Acid by Wool . — ^The adsorption 
of acids by wool has been studied previously by several in- 
vestigators.* Since the amount of acid taken up varies with 
the specimen of wool, and as the experimental conditions used 
by previous workers did not correspond entirely with those 
under which the present experiments on dyeing were to be 

^ Jour. Am. Chem. Soc., 39| 2260 (1917). 

* Jour. Biol. Chem., 41, 11 (1920). 

* Georgievics and Poliak: Monatsheft., 32, 655 (1911); Mills and Taka- 
mine: Jour. Chem. Soc., 43, i42 (1883). 
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carried out, it seemed advisable to redetermine the adsorption 
isotherm for hydrochloric acid and wool. 

One gram portions of the yam were placed in boiling solu- 
tions of hydrochloric acid of known concentrations, all the 
solutions having a volume of 250 cc. After boiling for forty- 
five minutes (tests had shown this time to be sufficient for 
the establishment of equilibrium), the yam was removed and 
100 cc portions of the cooled solutions were titrated to deter- 
mine the amount of unadsorbed acid. The data are given 
in Table II. 


Taulb II 

Adsorption of Hydrochloric Acid by Wool 


cc N/10 HCl at start 

CC N/10 HCl at end 

CC N/10 HCl adsorbed 

1.00 

0.87 

0.13 

2.00 

1.77 

0.23 

3.00 

2.60 

0.40 

5.00 

4.28 

0.72 

7.00 

6.05 

0.95 

10.00 

8.47 

1.53 

15.00 

13.05 

1.95 

25.00 1 

22.30 1 

2.70 


The isotherm (Figure 1) drawn from the data in Table 
II is more suggestive of solid solution following Henry’s law 
than of adsorption, but when it is considered that the highest 
concentration of acid remaining behind in the bath amounted 
only to about one-hundredth normal, it is seen that the curve, 
as drawn, really constitutes the first portion of the complete 
adsorption isotherm and is, therefore, practically a straight 
line over the small range shown. Georgievics and Poliak^ 
have shown conclusively that the taking up of acids by wool 
is strictly an adsorption phenomenon. 

Experiments were next performed to determine the ad- 
sorption of acid from a bath containing both acid and dye to 
see whether the adsorption of acid by wool is affected by the 
simultaneous adsorption of dye. Fort and Swares and Fort 
and Andersen® have taken up this question and they present 

> Monatsheft., 32, 666 (1911). 

* Jour. Soc. Dyers and Colorists, 31# 80, 96 (1915). 
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data to show that when both dye and add are present in a 
bath, less add is taken up by the wool than when add alone 
is present. There is apparently, therefore, a displacement of 
add by the dye. 

One gram portions of wool were treated as previously 

described in boiling dyebaths 
containing hydrochloric add 
and Crystal Ponceau. The 
amoimts of dye and free add 
left in the bath were deter- 
mined respectively with the 
colorimeter and the hydro- 
gen electrode. In all cases 
the weight of dye at the 
start was seventy-five milli- 
grams ; the acid content was 
varied as stated in Table III ; 
and the total volume of the 
bath was maintained at 250 
cc. Larger quantities of 
Adsorption of Hydrochloric Add by Wool add were not USed because 

at the highest concentration 
given, practically all of the dye was taken up by the wool. 
The values given are the averages of duplicate determi- 
nations. 

Tabls III 

Adsorption of Hydrochloric Add in the Presence of Crystal Ponceau 



CC N/10 HCl 
at start 

Final pH 
of bath 

CC N/10 Acid 
left 

cc N/10 Acid 
removed 

Mgs dye adsorbed 

0.00 

6.3 

— 

— 

4.5 

1.00 

5.1 

0.15 

0.85 

34.9 

2.00 

4.2 

0.47 

1.53 

56.3 

3.00 

3.6 

1.20 

1.80 

67.9 

5.00 

3.0 

2.93 

2.07 

73.4 

7.00 

2.75 

4.65 

2.25 

74.2 


If one compares these data or the corresponding isotherm 
(Figure 2) with the previous data and isotherm (Figure 1), 
it is at once apparent that much more hydrochloric add has 
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disappeared from the bath containing acid and dye than was 
the case with the bath containing add alone. It does not 
necessarily follow, however, that this increase represents a 
greater adsorption of hydrochloric acid. Crystal Ponceau has 
the formula C10H7N ; NCioH40H(S03Na)2 and contains 9.16 per- 
cent sodium. It is prob- 
able that the dye, being 
a sodium salt, is largely 
dissociated in aqueous 
solution. In these addified 
dyebaths we probably have 
hydrogen ions strongly ad- 
sorbed by the wool. In 
order that the fiber shall 
remain electrically neutral 
there must be an adsorp- 
tion of some anion, in this 
case, the dye anion. As a 
result, sodium ions remain 
in the bath, together with 
the anions from the min- 
eral acid, the adsorption 
process resulting in a re- 
placement of the free min- AdSOTption of Hydrochloric Acid and Crystal 
eral acid with its sodium Ponceau by Wool. 

salt. The disappearance cudinates gives milligrams Crystal 

- , , , , . . , . ,, Ponceau adsorbed) 

of hydrochloric aad m the 

above experiment may therefore be due, not to increased ad- 
sorption of the acid, but to its neutralization. If hydrochloric 
acid has been neutralized, all the chloride ions will be left 
in the bath while adsorption of the acid will remove chloride 
ions. The following experiments were performed to answer 
this question. 

Two dyebaths were prepared containing 108.5 milligrams 
of Cr3rstal Ponceau and 7.00 cc of N /10 hydrochloric acid in a 
total volume of 267 cc. One gram samples of wool were boiled 
in each bath for forty-five minutes and then removed. The 
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resulting solutions were analyzed for unadsoil^ed dye, for free 
acid, aud_for chlorides. CUorides were determined by de- 
colorizing the solutions with electrolytic hydrogen and then 
titrating with N/10 silver nitrate using 
potassium chromate as an indicator. The 
results are given in Table IV. 

The data from these two trials in- 
dicate that the actual adsorption of hy- 
drochloric acid has been practically un- 
affected by the presence of the dye (Com- 
pare (c) and (h)) while most of the dis- 
appearance of the free acid was due to its 
neutralization. The amount of hydro- 
chloric acid actually neutralized was al- 
most exactly one-half of the calculated 
maximum, pointing to an adsorption of 
the dye as an acid or primary sodium 
salt. This explanation becomes more prob- 
able if it is remembered that the sulfonic 
Typical Curve obtained in acid groups in the dye are m such a 
the Electrometric Titra- position that one of them acts as a much 
tion of 20 cc N/10 NaCl stronger acid group than the other. 

(A saturated calomel elec- determine whether other dyes 

trode was used for the behaved in a similar manner, experi- 
other half of the cell) ments were performed in which Croceine 
Orange replaced Crystal Ponceau. In dyeing, the same pro- 
cedure was followed, the dyebath containing seventy-five 

Table IV 


Adsorption of dye and acid from the same bath 



I 

II 

(a) cc N/10 HCl at start 

7.00 


(b) Total N/10 chlorides left in bath 

6.31 

6.47 

(c) HCl adsorbed (a — b) 

0.69 

0.53 

(d) cc free acid left in bath 

4.26 

4.39 

(e) HCl neulralized by sodium in dye (b — d). 

2.05 

2.08 

(f ) Milligrams of dye adsorbed 

104.8 


(g) Calculated possible HCl njeutralized by dye. 

4.17 

4.17 

(h)Adsorption of HCl from solution without 

dve Figure 1 

0.65 

0.67 
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milligrams of the dye and a known amount of hydrochloric 
acid in a total volume of 250 cc. One gram portions of wool 
were placed in the boiling dyebaths for forty-five minutes. 
Unadsorbed dye was determined colorimetrically. Free acid 
was estimated by titration with the hydrogen electrode and 



Fig. 4 

Adsorption of Hydrochloric Acid and Croceine Orange 
by Wool 

total chlorides were determined electrometrically. Croceine 
Orange cannot be readily decolorized with hydrogen so it be- 
came necessary to employ a volumetric method for the de- 
termination of chlorides in colored solutions. This problem 
was solved by the use of a silver electrode.^ The average of 

‘ Behrend: Zeit. phys. Chem., 11, 462 (1893). The potential of a silver 
electrode against any solution in which it is placed is a function of the silver ion 
concentration of the solution. If one measures the potential of a silver electrode 
immersed in a chloride solution to which silver nitrate is being added, the curve 
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duplicate experiments with Croceine Orange are given in 
Table V. They have been plotted in Figure 4. 


Table V 

Adswption of Croceine Orange and Hydrochloric Add from the 

Same Bath 


cc N/10 HCl 
at start 

cc N/10 HCl 
at end 

ccN/lOa' 
at end 

Mg dye 
adsorl^d 

pH 


— 

— 

5.1 

6.8 

1.00 

0.13 

0.87 

33.8 

5.0 

2.00 

0.68 

1.96 

48.5 

3.8 

3.00 

1.36 

2.99 

55.4 

3.3 

5.00 

2.89 

4.88 

65.5 

2.9 

7.00 

4.88 

6.73 

68.2 

2.6 


7.57 

9.44 

68.5 

2.4 

15.00 

12.18 

14.11 

70.7 

2.2 

25.00 

21.44 

23.43 

71.8 


cc N/10 HCl 

CC N/10 HCl 

cc N/10 HCl 

neutralized 


at start 

adsorbed 

found 

calc. 

pxi 

1.00 

0.13 

0.74 

0.96 

5.0 

2.00 

0.04 

1.28 

1.38 

3.8 

3.00 

0.01 

1.63 

1.58 

3.3 

5.00 

0.16 

1.95 

1.87 

2.9 

7.00 

0.27 

1.85 

1.94 

2.6 

10.00 

0.56 

1.87 

1.96 

2.4 

15.00 

0.89 

1.93 

2.02 

2.2 

25.00 

1.57 

1.99 

2.05 

2.0 


These curves and data show that Croceine Orange un- 
questionably diminishes the adsorption of hydrochloric acid 
by wool. Croceine Orange is a monobasic salt with the for- 
mula: C»H 5 N:NCioHBOH(S 03 Na) with 6.567 percent sodium. 
In this case the calculated values for the total possible amoimt 
of hydrochloric acid neutralized by the sodium in the dye agree 

shown in Figure 3 is obtained. So long as silver chloride is precipitated, the 
silver ion concentration of the solution is extremely small and roughly constant. 
As soon as an excess of silver nitrate is added, however, the concentration of the 
silver ions in the solution rises rapidly and a sudden change in the potential of 
the electrode occturs. It is thus possible to determine chlorides in colored solu* 
tions, provided that no other substance is present which forms a precipitate or a 
complex ion with the silver nitrate. In measuring the potential of the silver 
electrode, it is, of course, necessary that the calomel electrode be connected with 
the solution through an ammonium nitrate or similar salt bridge to prevent con- 
tamination of the solution with potassium chloride from the electrode. 
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quite well with the experimental values. It is thus apparent 
that Croceine Orange is adsorbed by wool largely as the free 
dye acid. It should be observed that these calculations are 
based on the assumption that any decrease in chlorine ion 
concentration is due only to adsorption of hydrochloric acid. 
It is possible of course that the decrease may be caused by 
adsorption of sodium chloride. Experiments were performed 
to determine whether this was actually the case and no ad- 
sorption of soditun chloride by wool could be detected. 

Adsorption of Acid Dyes and pH of Dyebath. Addition 
Agents. — ^The next step in the development of the general prob- 
lem was to determine quantitatively the relation between the 



Adsorption of Croceine Orange by Wool 


hydrogen ion concentration of the dyebath and the adsorp- 
tion of various acid dyes by wool and from this to proceed 
to the quantitative determination of the effect of various addi- 
tion agents. 
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Using nitric and hydrochloric adds, two series of experi* 
ments were made on Croceine Orange to determine the rdation 
between pH and the amount of dye adsorbed. One gram of 
wool was boiled for forty-five minutes in a bath containing 
seventy-five milligrams of dye in a total volume of 250 cc. 
The results are given in Table VI and in Figure 5. 


Tabls VI 

pH and Adsorption of Croceine Orange 


cc N/10 
HQ added 

Final . 
pH 

Mgs. dye 
adsorbed 

ccN/10 
HNO, added 

Pinal 

pH 

Mgs dye 
adsorbed 

0.0 

5.91 

4.0 

— 

— 

— 

0.5 

5.35 

7.0 

0.5 

5.25 

7.0 

1.0 

5.07 

21.4 

1.0 

5.15 

17.2 

1.5 

4.85 

35.7 

1.5 

4.72 

39.1 

2.0 

4.53 

47.8 

2.0 

4.55 

47.9 

3.0 

3.60 

58.9 

3.0 

3.53 

53.6 

4.0 

3.12 

63.5 

4.0 

3.13 

62.5 

8.0 

2.61 

68.8 

8.0 

2.70 

67.7 

15.0 

2.30 

70.4 

15.0 

2.32 

70.1 


This curve shows that the amount of Croceine Orange 
’adsorbed by wool increases as the hydrogen ion concentration 
is made greater. The fact that the chloride and nitrate ions 
have no specific effect may be accounted for by the assumption 
that tliey are either not adsorbed or that they are adsorbed 
equally. 

To show that a change in hydrogen ion concentration 
produces a similar effect on the adsorption of other acid dyes, 
experiments were performed using Lake Scarlet R. The 
experimental conditions were kept the same .as those used with 
Croceine Orange, except that the colorimetric method was 
abandoned and the amount of dye remaining in the baths was 
determined by titration with titanium chloride. Curve (a) 
of Figure 6 represents the data obtained (Table VII). 

It is apparent that over a considerable range, the amount 
of Lake Scarlet R adsorbed by wool is directly proportional 
to the hydrogen ion concentration of the bath. As the total 
amoimt of dye in solution was only seventy-five milligrams, 
it is obvious that this is a limiting value which accounts for 
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the sudden upward bend in the ciurve, since this upward bend 
represents practically complete removal of the dye. If more 
dye had been used, it is probable that the proportionality 
between adsorption and pH would have continued over a still 
greater range. 


Table VII 

pH and Adsorption of Lake Scarlet R 


cc N/10 HCl added 

Pinal pH 

Mgs dye adsorbed 

0.0 

6.43 

0.6 

0.5 

5.58 

10.2 

1.0 

4.90 

25.6 

1.5 

4.31 

.39.9 

2.0 

3.88 

.51.3 

3.0 

3.37 

68.0 

5.0 

2.85 

73.9 

S.O 

2.57 

74.4 

15.0 

2.13 

74.8 


In accordance with the theory of dyeing previously out- 
lined in the introduction to this paper, the addition to the dye- 
bath of substances forming strongly adsorbed anions will cause 
a decrease in the adsorption of an acid dye, and in general 
the greater the valence of the added anion, the greater will be 
its restraining action. The substitution of sulfuric or phos- 
phoric acid for hydrochloric acid should therefore cut down the 
adsorption of acid dyes. A similar effect should be obtained 
if salts such as sodium sulfate, sodium phosphate or even 
sodium chloride are added to dyebaths containing hydrochloric 
acid. 

Pelet-Jolivet,* Lake,- and others have investigated this 
point and have shown that the addition of sulfate and phos- 
phate does actually decrease the amount of dye adsorbed by 
wool. But none of these investigators were careful to allow 
for the change in pH of the dyebath which the added salt might 
produce. The results already presented in this paper make 
it evident that a quantitative determination of the relative 
and absolute effect of restrainers such as chloride, sulfate, and 

* "Die Theorie des Farbeprozesses" (1910). 

•Jour. Phys. Chem., 20, 76 (1916). 
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phosphate, can only be made in dyebaths of equal hydrogen 
ion concentrations. 

Data were therefore obtained to determine the action of 
restrainers on Lake Scarlet R. The experimental conditions 
were those described in the previous work, the dyebaths (250 
cc) each containing seventy-five milligrams of dye plus diff ereqt 
amounts of other reagents as denoted in the table of data 
(Table VIII). The final pH of each dyebath was ascertained 
£is before and the amount of dye taken up by wool was de- 
termined. Curves were then drawn between pH and milli- 
grams of dye adsorbed in the presence of the different addition 
agents. (Curves b, c, d, and e of Figure 6). 



Effect of Anions on the Adsorption of Lake Scarlet R. 

An inspection of these curves brings out several interesting 
points. The amoimt of dye adsorbed always increases with 
the hydrogen ion concentration of the bath. In order to de- 
termine the relative effect of the different addition agents, it 
is essential that comparisons be made at equal values of pH. 
This is done readily by finding where the curves cross a line 
parallel to the X axis representing the desired pH. Thus at 
a pH of 4.0, the amount of dye adsorbed in the presence of 
hydrochloric acid was 48 mg, in the presence of phosphoric 
add, 46.6 mg, and in tiie presence of sulfuric add, 30 mg, 
the order of dye adsorption bdng HCl > HsPO« > H2SO4. 
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Tablb VIII 


The Effect of Addition Agents on the Adsorption of I<ake Scarlet R 


cc N/10 HaSOi 

Pinal pH 

Mgs dye adsorbed 

0.5 

4.81 

1.3 

1.0 

4.40 

10.6 

1.5 

4.13 

28.1 

2.0 

3.84 

40.9 

2.8 

3.50 

57.5 

4.5 

3.14 

65.8 

CC N/10 H,P04 

Pinal pH 

Mgs dye adsorbed 

1.2 

4.98 

10.8 

2.5 

4.55 

22.6 

4.2 

4.25 

39.0 

5.5 

3.93 

48.6 

7.0 

3.62 

57.8 

8.8 

3.45 

64.6 

12.5 

3.11 

68.7 

20.0 

2.75 

73.9 


CC N/10 HCl 

CC N/10 NaCl 

Pinal pH 

Mgs dye adsorbed 

0.5 

25.00 

4.90 

10.0 

1.0 

25.00 

4.55 

20.9 

1.5 

25.00 

4.15 

35.7 

2.2 

25.00 

3.77 

49.1 

3.3 

25.00 

3.28 

65.9 

5.0 

25.00 

3.00 

69.1 

8.0 

25.00 

2.68 

71.6 

cc N/10 HCl 

ccN/lONaSOi 

Pinal pH 

Mgs dye adsorbed 

0.5 

25.00 

4.55 

8.6 

1.0 

25.00 

4.05 

18.9 

1.5 

25.00 

3.80 

27.9 

2.0 

25.00 

3.80 

31.0 

3.0 

25.00 

3.36 

44.0 

5.0 

25.00 

2.88 

54.5 

8.0 

25.00 

2.70 ‘ 

62.0 

15.0 

25.00 

2.37 

68.5 

25.0 

25.00 

2.07 

73.1 


These results are in agreement mth the theory. The 
strongly adsorbed divalent sulfate anion would be expected 
to cut down the amount of dye anion adsorbed. It is also 
evident that less dye was adsorbed from hydrochloric add 
baths when sodium chloride was added and this is likewise 
in agreement with the theory. In a similar way, less dye 
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was adsorbed when sulfuric add was substituted for h}rdrDchloiic 
add in the dyebath, although the effect was not as marked 
for sulfuric add alone as for hydrochloric add plus sodium 
sulfate, because in the latter case the concentration of stilfate 
ions was greater and the two experiments are not comparable. 
It is often the custom among colloid chemists to regard phos- 
phate solutions as a source of tri- valent phosphate ions.'-® 
Were this true we might therefore expect phosphate to be a 
more effective restraining agent than di-valent sulfate, assum- 
ing the valence rule. The data, however, show that phosphate 
is much less effective. The reason for this perhaps unexpected 
result probably lies in the fact that in phosphate solutions 
we do not really have tri-valent ions to any appreciable extent. 
Phosphoric add dissociates very largdy as a monobasic acid, 
slightly as a dibasic acid, and only very weakly as a tribasic 
acid. The effective valence of the anions in phosphate solu- 
tions should therefore be between one and two, and we should 
expect the curve for phosphoric acid to lie between the ciuv^es 
for hydrochloric and sulfuric adds. Inspection of Figure 6 
shows that this is indeed the case. Lake® has reported that 
the addition of sodium phosphate to dyebaths containing hy- 
drochloric acid almost completely prevented the taking up 
of add dyes by wool. He ascribed ^e effect to the tri-vdent 
phosphate ion. As Lake used an excess of di-sodium hydrogen 
phosphate, solutions of which have a pH value of about 9.2, 
it seems probable that the very considerable change in hydrogen 
ion concentration resulting from the addition of this salt was, 
to a large extent, the cause of the restraining action that he 
reported. 

An attempt was made to use potassium ferri- and ferro- 
cyanides as sources of tri-valent and tetravalent anions, but 
in each case these substances reacted with the dye, and the 
experiments could not be completed. 

To show that the phenomena observed in the case of Lake 

* Lake; Jour. Phys. Chem., 20, 786 (1916). 

’Compare Loeb; Jour. Gen. Physiology, 3, 248 (1920). 

* Jour. Phys. Chem., 20, 786 (1916). 



The Physical Chemistry of Dyeing 


865 


Scarlet R were general for the acid dyes, another series of 
experiments was performed with du Pont Orange II. This 
dye can be titrated readily with titanium chloride in the pres- 
ence of Rochelle Salt and is therefore easily determined in 
solution. In each of the experiments in this series one gram 
of wool was boiled for forty-five minutes in a dyebath (250 
cc) containing seventy-five milligrams of dye plus the various 
addition agents specified in Table IX. In each of the sets 
of experiments compri.sing Table IX, however, the total 
amount of sulfate or phosphate was kept approximately the 



Effect of Anions on the Adsorption of Lake Scarlet R 

same and only the pH of the dyebaths was varied; in this re- 
gard the series differs from the one with Lake Scarlet R. 
Thus in the two sets of experiments with sulfuric acid and 
sodium sulfate, the quantity of acid and the quantity of salt 
were each varied, but their total was kept constant at 25 cc 
of either N/10 or M/10 sulfate solution in a dyebath of 250 
cc. The results are plotted in Figure 7. 

Attempts were made to determine the effect of di-valent 
and tri-valent cations, but the three (barium, magnesium, 
and aluminum) whose chlorides were added to the dyebath 
caused the dye to precipitate. It is well known, however. 
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Tabui IX 


The Effect of Addition Agwts cm the Adsmptkm cff II 


Hydrochlodc Acid Alone 

cc N/10 HCl 

Pinal pH 

Mgs dye adsorbed 

0.5 

4.34 

28.8 

0.7 

4.23 

33.6 

0.8 

4.16 

34.8 

1.0 

4.03 

35.4 

1.3 

3.70 

47.0 

1.5 

3.60 

51.7 

2.0 

3.38 

54.5 

3.0 

3.18 

59.2 

0.0 

2.76 

63.0 

10.0 

2.49 

69.7 


Hydrochloric Acid plus Sodium Chloride 


cc N/10 HCl 

cc N/10 NaCl 

Pinal pH 

Mgs dye adsorbed 

0.3 

24.7 

4.88 

16.4 

0.0 

24.4 

4.68 

20.2 

0.8 

24.2 

4.30 

29.0 

1 .0 

24.0 

3.84 

35.0 

2.0 

23.0 

3.56 

48.0 

3.0 

22.0 

3.29 

57.0 

4.5 

20.5 

2.97 

61.7 

7.0 

18.0 

2.68 

03.5 

10.0 

15.0 

2.45 

66.7 


Sulfuric Acid plus Sodium Sulfate 


CC N/10 H 2 SO 4 

cc N/10 NajSO* 

Final pH 

Mgs dye adsorbed 

0.3 

24.7 

4.12 

13.5 

1.0 

24.0 

3.83 

25.0 

2.0 

23.0 

3., 50 

29.9 

3.0 

22.0 

3.27 

36.1 

4.5 

20.5 

2.9() 

42.5 

7.0 

18.0 

2.71 

48.6 

11.0 

14.0 

2.. 32 

.53.2 

cc N/10 HsSOi 


Final 

Mgs dye adsorbed 

0.15 

24.85 

4.08 

13.5 

1.50 

23.50 

3.24 , 

28.8 

5.50 

19. .50 

2.33 

45.9 
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Phosphoric acid plus di-sodium hydrogen phosphate 


N/10H,P04 

N/10 NaiHPO. 

Final pH 

Mgs dye adsorbed 

12.4 

1 12.6 

4.80 

9.6 

12.5 

12.5 

4.75 

13.0 

12.6 

12.4 

4.57 

14.0 

12.9 

12.1 

4.47 

15,3 

16.5 

11.5 

4.00 

24.5 

14.0 

11.0 

3.82 

31.0 

15.5 

9.5 

3.44 

44.0 

17.0 

8.0 

3.30 

.55.0 

18.0 

7.0 

3.22 

57.2 

19.2 

5.8 

3.05 

60.8 

20.7 

4.3 

2.89 

61.0 

26.7 

1.3 

2.65 

65.6 

25.0 

0.0 

2.52 

67.5 

M/10H.<iPO4 

M /10 Na9HP04 

Final pH 

Mgs dye adsorbed 

12.86 

12.17 

4.30 

18.4 

15.34 

9.66 

3.08 

55 . 1 

23.67 

1.33 

2.28 

66.0 


that when the calcium or magnesium salt of an acid dye is 
soluble, it will be taken up more readily than the sodium salt 
of the same dye. 

At low concentrations the effect of such anions as sulfate 
on the adsorption of an acid dye by wool is due, as stated 
before, to adsorption of the inorganic anion in place of some of 
the dye. It is easily possible, however, that at higher concen- 
trations of sulfate the solubility of the dye may be diminished 
so that its tendency to be adsorbed may actually be increased. 
In other words, the restraining effect of sodium sulfate on 
acid dyes may pass through a maximum as the sulfate concen- 
tration is increased. 

To test this point a series of experiments’ was carried 
out with dyebaths which contained more sulfate than was the 
case previously. General conditions otherwise were kept as 
before. Each dyebath contained seventy-five milligrams of 
du Pont Orange II and five cc of N/10 sulfuric acid in 250 cc. 
One gram of wool was boiled in each bath for forty-five minutes. 

* We arc indebted to Mr. W, W. Paddon for aid in this series of experi- 
ments. 
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The partially exhausted baths were then analyzed for 
unadsorbed dye. Although equal amounts of acid had been 
added to all the baths, the hydrogen ion concentratitms after 
dyeing were not the same throughout, probably because of the 
influence of the salt on the dissociation of the acid. Final 
hydrogen ion concentrations in this particular series of baths 
could not be determined by means of the hydrogen electrode 
because of some peculiar influence of the dye under these con- 
ditions. It was therefore necessary to resort to an indirect 
method for securing pH values. Mixtures of sodium sulfate 
and sulfuric acid were prepared corresponding to the concen- 
trations existing in the dyebaths and the pH values of these 
solutions were secured. The values thus obtained were applied 
to the dyebaths. 

In order that the effect of changing the sodium sulfate 
concentration may be determined, it is necessary that all other 
variables shall be controlled. The final pH values must there- 
fore be the same throughout the series or the results must be 
corrected to a constant pH value. The latter method was 
employed and all adsorption values were corrected to a pH 
of 3.50, as follows. It was assumed that, over the short range 
of pH involved, the curves between milligrams of dye adsorbed 
and pH values were straight lines like those shown in Figure 7 
for N/10 and M/10 sodium sulfate and that they were approxi- 
mately parallel to these lines. For each of the baths a point 
was placed on Figure 7 at the position representing the milli- 
grams of dye adsorbed and the pH as found. Tines were then 
drawn through these points parallel to the curve for M/IO 
sodium sulfate. The intersection of these new lines with the 
pH line equal to 3.50 gave, by direct reference to the X axis, 
the corrected milligrams of dye adsorbed. 

Another method of comparing the effects of various con- 
centrations of sodium sulfate is to compute the restraining 
action of the sulfate in each case by comparison with the ad- 
sorption curve in Figure 7 for hydrochloric acid alone at the 
same pH value. The results by both methods are given in 
Table XI. It is plainly evident that the restraining action 
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of the sodium sulfate passed through a maximum as its concen- 
tration was increased. 


Table XI 

The Effect of Sodium Sulfate on the Adsorption of Orange II 


No. 

Bath cone. 
Na2vS04 

pH 

Mgs dye 

1 absorbed 

1 

Mgs dye 
adsorbed 
corrected 

Method 2 
restraining 
effect of 
sulfate 

1 

N/lOO 

3.5 

29.9 

29.9 

21.1 

2 

N/50 

3.2 

28.8 

24.1 

33.4 

3 

N/IO 

3.1 

17.0 

10.1 

42.5 

4 

N/5 

3.2 

14.0 

9.9 

43.5 

5 

N 

3.5 

12.2 

12.4 

38.8 

6 

2N 

3.6 

27.3 

28.4 

21.7 

7 

3N 

3.6 

41.5 

43.4 

7.5 

8 

4N 

3.7 

47.1 

50.8 

-0.6 


In order to show that the effect of the sulfate in the higher 
concentrations was actually due to a decrease in solubility, 
portions of baths 5, 6, 7, and 8 were placed in collodion thimbles 
after dyeing and immersed in solutions of sodium sulfate of the 
same concentrations as those inside the thimbles. At the end of 
forty-eight horns Number 5 showed strong diffusion, 6 slightly 
less, and 7 and 8 only very slight diffusion with 8 less than 7, 
showing that the sodium sulfate had lowered the solubility 
of the dye. 


Basie Dyes 



Experiments were next undertaken with basic 
dyes of which Methylene Blue was chosen first 
as a t)T)ical example. This dye proved to be a con- 
venient one because it may be determined readily 
and accurately by titration with titanium chloride. 
Diffusion experiments* (Fig. 8) indicated that the 

* A glass tube (AB) of about 2 mm inside diameter and 
sealed at the top is filled with distilled water and then placed 
with its open end just below the surface of the dye solution to be 
tested. If the dye is in true solution^ diffusion will be evident in 
a few hours and after several days the color will have extended 
nearly to the top of (AB). Colloidal suspensions show little 
or no diffusion. In case electrolytes have been added to the dye- 
bath, the tube (AB) should be filled with an equivalent solution of 
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dye fonns true solutions in either neutral, weakly_ add or 
weaMy basic solutions. In more strongly basic solutions how- 
ever, the dye forms a suspension and may be almost^com- 
pletely predpitated as the alkalinity is increased further. 



Fig. 9 

Adsorption of Methylene Blue by Wool 

By foUowing the general procedure that was employed with 
the add dyes, the amount of methylene blue taken up by wool 
in the presence of addition agents was determined. As in the 
previous work, one gram of wool was boiled for forty-five 

these electrolytes instead of with pure water, to prevent any rhang i. in the con- 
dition of the dye as it diffuses up the tube. It should be recognized that be- 
tween true solutions and colloidal suspensions we may and do have all df grffs 
of combination of the two states. Part of the dye may be in true solution 
while the rest is colloidal. 
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minutes in a dyebath of 250 cc containing seventy-five milli- 
grams of dye. 

The first step was to ascertain the relation between hydro- 
gen ion concentration and the amount of dye adsorbed. The 
data given in Table XII and in Figure 9 represent the results 
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Fig. 10 

Adsorption of Methylene Blue by Wool 


obtained. It will be noted that the effect of a change in pH 
is not so marked with this dye as it was in the case of acid dyes. 
It is also apparent that the total amount of base used is as 
important as the final pH of the solution. To bring out this 
point the curves in Figure 10 have been prepared by plotting 
total base added as ordinates instead of pH. Since the amount 
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Table XII 

The Adsorption of Methylene Blue by Wool 


In the Presence of Sodium Hydroxide 


cc N/10 NaOH 

Pinal pH 

Mgs dye adsorbed 

0.0 

4.50 

4.0 

1.0 

4.72 

9.0 

1.7 

4.73 

16.3 

2.3 

5.03 

27.0 

2.9 

5.69 

38.7 

3.4 

6.02 

42.0 

4.0 

8.05 

41.5 

7.0 

8.40 

23.7 

10. 0 

9.81 

11.9 


In the Presence of Sodium Chloride 


cc N/10 NaOH 

cc N/10 NaCl 

Final pH 

Mgs dye adsorbed 

1.0 

25.0 

4.80 

0.4 

1.7 

25.0 

4.80 

11.0 

2.3 

25.0 

5.12 

17.1 

2.9 

25.0 

5.29 

21.4 

3.4 

25.0 

5.66 

28.9 

4.0 

25.0 

6.18 

46.9 


In the Presence of Sodium Sulfate 


cc N/10 NaOH 

cc N/10 NajSO. 

Final pH 

Mgs dye adsorbed 

1.0 

25.0 

5.00 

14.2 

1.7 

25.0 

5.13 

21.4 

2.3 

25.0 

5.35 

29.4 

2.9 

25.0 

5.48 

37.6 

3.4 

25.0 

5.78 

39.6 

4.0 

25.0 j 

6.17 

37.1 


In the Presence of Barium Chloride 

cc N/10 NaOH 

cc M/10 BaCb 

Final pH 

Mgs dye adsorbed 

1.0 

25.0 

4.80 

4.3 

1.7 

25.0 

4.96 

8.4 

2.3 

25.0 

5.08 

9.9 

2.8 

25.0 

5.05 

10.8 

3.4 

25.0 

5.17 

13.2 

4.0 

25.0 

5.35 

15.6 

6.0 


5.50 

17.0 

8.0 

25.0 

6.06 

17.6 

10.0 


6.70 

28.5 

12.0 

25.0 

7.61 

32.3 

15.0 

25.0 

8.72 

14.2 
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of dye adsorbed at first is practically proportional to the total 
base added, it seems probable that the dye base is taken up 
more strongly than its hydrochloride and that the adsorption 
of dye is roughly proportional to the amount of free dye base 
present. 

A striking feature of each of these curves is the presence 
of a point of maximum adsorption. There are apparently 
two reasons for such a point. It will be recalled from the ex- 
periments on diffusion previously described that methylene blue 
passes from true to colloidal solution as sodium hydroxide is 
added and that when the latter is present in fairly large quanti- 
ties, flocculation occurs. It is probable that sodium hydroxide 
removes hydrochloric acid from the methylene blue and sets 
free the dye base which is insoluble in water and which remains 
in suspension. 

The dye now being distinctly in colloidal solution, a modi- 
fication of the dyeing process results. All dyes behave like 
the substantive or direct dyes if their solutions become colloidal. 
For this reason, Methylene Blue, as soon as it has been rendered 
colloidal by the addition of sodium hydroxide, acts as a substan- 
tive dye and no longer behaves as a true basic dye. Briggs 
and Kakiuchi and Briggs and Woodward* have shown that the 
adsorption curves for substantive dyes pass through a maximum 
as the concentration of electrolytes is increased. Since Meth- 
ylene Blue is colloidal in alkaline solution, it is to be expected 
that it would behave in a similar way. This supposition is 
confirmed by the data given in Table XII. 

The other factor tending to produce a maximum point 
in the curves, is the action of the sodium hydroxide on the 
wool. The samples dyed at the higher concentrations of alkali 
showed very appreciable decomposition. 

In those experiments the Methylene Blue was adsorbed 
strongly by the hydrogen electrode and after a few minutes 
the readings of the electrode showed a gradual falling off. 
Table XIII contains a series of readings made under such 
conditions. 

1 Results will be published in a subsequent paper. 
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Tablb XIII 


Voltage reading 460 . 562 . 660 . 558 1.558 . 556 . 553 . 548 

Time in minutes. . . 1 2 3 5 | 7 10 20 27 

“Time in minutes” means min utes elapsed from the time 
hydrogen was first started bubbling through the solution under 
test. The voltage rises quickly, remaining at a nearly constant 
value for several minutes and then gradually falls off again. 
This secondary decline is probably due to an adsorption of 
the dye by the electrode. By treating the hydrogen electrode 
with chromic acid cleaning mixture after each determination, 
the film of dye is stripped off and the surface renewed. 

If the theoretical hydrogen ion concentrations of the dye- 
baths given in Table XII are calculated, it will be found that 
in aH cases the observed pH values are lower than one would 

expect, even though one allows 
;o ^ for the hydrochloric acid lib- 

erated from the Methylene 
Blue. In order to make sure 
that the dye had not affected 
the hydrogen electrode and 
caused it to give consistently 
low readings, the apparatus 
shown in Figure 11 was pre- 
pared. In this device the hy- 
drogen electrodeswerepartially 
immersed in distilled water 
contained in a collodion sac (S) . 
The latter was then immersed 
in a dyebath of Methylene 
Blue whose pH value had been 
previously determined in the 
usual way. The bath chosen 
was a strongly alkaline one 
which had gone almost completely colloidal on boiling. Al- 
kali began at once to pass into the sac and the rate of dif- 
fusion was followed by observing the change in the potential 
of the electrode. The dye did not diffuse through the col- 



Fig. 11 
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lodion membrane so its possible effect on the electrodes was 
eliminated. The final pH value obtained in this way corre- 
sponded closely (8.72 and 8.79) with the value obtained in the 
usual manner where the electrodes were immersed directly 
in the dyebath. 

One gram of wool was boiled forty-five minutes in 260 cc of 
sodium hydroxide solution containing 15.0 cc of N/10 sodium 
hydroxide. The free base left after this treatment was titrated 
with hydrochloric acid using phenolphthalein as indicator. 
It was found that only 5.0 cc of free base remained. The 
action of the alkali on the wool and its removal by the latter 
will therefore account for the high concentrations of hydrogen 
ion found in the experiments on Methylene Blue. 

Summary 

1. The process of dyeing wool with acid and basic dyes has 
been investigated from the standpoint of the adsorption theory 
of dyeing as formulated by Pelet-Jolivet and Bancroft. 

2. The effect of dyes on the adsorption of acids by wool 
and of acids on the adsorption of dyes has been determined 
quantitatively for typical acid dyes. 

3. It has been shown that the taking up of dyes is a case 
of adsorption and that the amount of dye adsorbed varies 
continuously with a change in the hydrogen ion concentration 
of the dyebath. No evidence of chemical action between dyes 
and wool has been found. 

4. The use of the hydrogen electrode has made it possible 
to control a hitherto neglected variable. 

5. The action of assistants has been studied and has been 
fotmd to be strictly in accord with the theory. 

The writers take this opportunity to express their thanks 
to Professor W. D. Bancroft for his unfailing interest and help. 

This work was made possible by a fellowship grant from 
E. I. du Pont de Nemours and Company to whom our thanks 
are also due. 

Cornell University 



THE BOILING POINTS OF AMMONIA, SULFUR 
DIOXIDE, AND NITROUS OXIDE 


(An investigation of the error caused by using unjacketed 

boiling vessels.) 

BY P. W. BERGSTROM 

Intpoduetion 

It was desirable in connection with work described in a 
preceding paper^ to check the static vapor pressure measure- 
ments made upon ammonia and sulfur dioxide by direct 
determinations of their normal boiling points. In conjunction 
with this, it was thought worth while to compare single-walled 
and vacuum- jacketed boiling vessels to afford substantial 
ground for the criticism of some previous determinations. 
The apparatus, recently described by Cottrell* for measuring 
the boiling points of aqueous solutions was used with entire 
success at — 33°. 


Apparatus 

The majority of the measurements were made in a vacuiun- 
jacketed vessel® of the dimensions shown in Fig. 1.^ Current 
for heating the coil of platinum wire in the bottom of the tube 
was obtained from a 1 10 volt circuit, and regulated by means of 
a variable six lamp resistance. The side tube, B, was used 
for Introduction of liquid. A small coil condenser was sealed 
to D, although in the measurements to be described, additional 
liquid was added if necessary to compensate for that evaporated 
as the substances used were inexpensive. The double-walled 

> Jour. Phys. Chem., 26, 358 (1922). 

® Jour. Am. Chem. Soc., 41, 721 (1919), 

« Gibbs: Ibid., 27, 861 (1905). 

* The terminals of the heating coil may be attached to lead-in wires pass- 
ing through the large stopper, as described by Beckmann: Zeit. anorg. Chem., 55, 
371(1907). This would permit the use of a plain Dewar tube. The coil should 
be large enough so that the maximum energy expenditure will not overheat the 
wire and cause local dissociation of the liquid. 
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portion was silvered, with the exception of a vertical streak 
on either side, through which the thermometer was read. The 
tube contained carefully cleaned garnets to a depth of about five 
centimeters to insure even boiling and minimize superheating. 
The thermometer was inserted through a cork closing the top. 


A few determinations were 
made to show the reliability 
to be expected from single- 
walled tubes, and to show the 
effect of accomplishing boiling 
by radiation and conduction 
of heat from the air. 

The single-waUed vessel 
was similar to the one de- 
scribed, except that the vac- 
uum jacket and side tubes were 
omitted. It was 22 cm in 
length and 3.5 cm in diameter. 
Near the hole for the thermo- 
meter in the stopper was a 
smaller opening for the in- 
troduction of liquid, this serv- 
ing also to establish atmos- 
pheric pressure within. In- 
ternal and external radiation 
screens were used during some 
of the measurements, and gar- 
nets were placed in the bottom 
of the tubes. 

The form of Cottrell ap- 
paratus used is shown with di- 
mensions in Fig. 2. It consisted 
of a long tube one cm internal 



Fig. 1 

Apparatus used for Boiling Point 
Determinations 


diameter, with two six mm pumping tubes sealed on as shown. 


The ends of the latter were widened into funnels to. aid in catch- 


ing bubbles of vapor. The thermometer, which was held by a 


stopper fitting an enlargement at the top, cleared the sides of 
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the large tube by 0.6 nun. This latter was of sufficient Iragth 
to extend below the bottom of the thermcnneter bulb, forming 
a protective screen around it. A small hole opposite and above 
the upper pumping tube aided the operation. 

f The action is similar to that of 
n the air-lift pump. Alternate bubbles 

‘ of vapor and liquid are formed in the 

'P small tubes, and rise, as the average 

density of this mixture is less than 
that of the liquid. Liquid flows over 
both the thermometer and the inside 
of the glass casing. Provision must 
be made for rapid rates of pumping 
in low temperature work such as this. 

Themometry and Bapometiy 

The siphon barometer used was 
in perfect agreement with the mano- 
meter of the vapor pressure appara- 
tus described in a preceding paper.* 
All barometer readings were made 
with a cathetometer. The observed 
barometric height was corrected to 0° 
for the expansion of the mercury and 
of the brass cathetometer scale. The 
two toluene thermometers used in 

PURIDinO Tubes* measurements of the boiling point 
r 3 of ammonia were calibrated in 1905 by 

the Physicalische technische Reichs- 
anstalt. The accompanying certifi- 
cates give the following corrections (rounded to the near- 
est 0.1°). 



r~6mm. 


Fig. 2 

Cottrell Tube 


Temperature 

No. 21713 j 

1 No. 21714 

—25° 

no correction 

0.1 “high 

-35^ 

<< 

0.4° high 

-46° 

<( 

0.3° high 


* I<oc. cit. 
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No, 21713 and No. 21714 were duplicates, and were grad- 
uated in fifths of a degree from — ^20° to — 50° in a length of 
20 cm. Temperatures were read, as a rule, with the telescope 
of the cathetometer. The toluene thermometers were kept 
in the liquid whose boiling point was to be measured from 
one-half to two hours before use, unless otherwise noted. 

Mercury thermometer No. 1, used in the determinations 
of the boiling point of sulfur dioxide, was calibrated near 
— 10° by comparison with a resistance thermometer in a con- 
stant temperature bath.* 


Temperature read 

1 Resistance, ohms 

True temp. 

1 Correction 

—7.00“ 

9.133 

—7.0“ 

0.0“ 

—9.90“ 

9.039 

—9.9“ 

0.0“ 

—11.02“ 

9.001 

—11.0“ 

0.0" 


No. 1 was 30 cm long and was graduated from -1-50° to 
— 12° in fifths of a degree. 

Toluene thermometers No. 21731 and No. 2 were used in 
the measurements on nitrous oxide. The former, 37.5 cm long, 
was graduated in degrees from -|-50° to — 100°. The divi- 
sions were large, 10° equaling 13 mm. The calibrations given 
on the accompanying P. T. R. certificate are: 

-1-20°, 0°, —60°, —79° no error; —20°, 0.2° high; 
— 40, 0.6° high. 

The corrections are rounded to the nearest 0.2°. It is 
to be regretted that calibrations were not made at lower tem- 
peratures. The correction at — 90° is assumed to be zero. 

No. 2 was narrower than No. 21731, but otherwise nearly 
the same; it was compared with the platinum resistance 
thermometer at ten temperatures between — 68° and — 91°, 
and the calibrations, with two exceptions, fall on a smooth 
curve. The greatest deviation of check calibrations is 0.2° at 
— 78°. The correction to be added to the thermometer 
reading at — 90° is -1-1.3°. 

^ See Jour. Phys. Chesn., 20, 362 (1922) for calibration of resistance ther- 
mometer. 
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In using the thermometers, it was found desirable to exam- 
ine the stem capillaries carefully for toluene before recording 
any data. 

CioFFeetions Applied to TheFmometeF Readingrs 

In determinations of boiling points at low temperatures, 
it is desirable to keep the liquid thread in the capillary of the 
thermometer, as well as the bulb, at the temperature to be 
determined, to avoid uncertain corrections for exposed stem. 
This introduces an error, as the average pressure on the ther- 
mometer bulb is greater than atmospheric by the height of 
liquid above its center. In all measurements of this kind, a 
correction has accordingly been applied to the barometric pres- 
sure, taking the density of liquid ammonia at — 33.4° to be 
0.68' and of nitrous oxide to be 1.23^ at — 90°. This cor- 
rection is somewhat uncertain, as the liquid and vapor phases 
are not necessarily in equilibrium throughout the tube. 

All boiling points were reduced to correspond to a mercury 
column of 760 mm at 0°. From the vapor pressure determi- 
nations previously described, it was found that the pressure 
changed 3.6 mm for ammonia, and 3.5 mm for sulfur dioxide 
per tenth of a degree change in temperature near the normal 
boiling points. The correction applied per mm difference be- 
tween the observed barometric pressure and 760 mm was then 
0.028° for ammonia, and 0.029° for sulfur dioxide. The boil- 
ing point of nitrous oxide changes- 2° for every 0.1 atmosphere 
difference in pressure* near the normal boiling point. The 
latter correction, only approximate, is sufficiently accurate. 

The Boiling Point of Ammonia 
Preparation of the Ammonia: 

A small cylinder containing sodium was filled with com- 
mercial liquid ammonia, and allowed to stand for some weeks 
to ensure complete removal of moisture. Ammonia from this 

> Fitigerald: Jour. Phys. Chem., 16, 664 (1912). 

> Sitzungtfber. Akad. Wiss., Berlin, 1904, 1198. 
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supply was distilled into a steel vessel of 500 cc capacity. A 
portion of this was distilled into a second similar vessel, from 


which it was distilled as needed 
into a closed glass tube for trans- 
fer to the boiling point appa- 
ratus (Fig. 3). Connections be- 
tween the glass tube of this con- 
tainer and the lead tube leading from 
the steel vessel were made with 
sealing wax. The ammonia, puri- 
fied by three distillations, was in- 
troduced into the boiling apparatus, 
A, through the side tube, B. The 
“nozzle” A of the container was in- 
serted through a hole in the stopper 
closing B and the tube rotated until 
ammonia was blown past the stop- 
cock. In this manner, a sample 
could be introduced into the appa- 
ratus without coming in contact 
with and absorbing moisture from 
the air. The end of the condens- 
ing coil was attached to a diying 



tube. 


Fig. 3 


Measurements of the Boiling Point 

I . W ith C otnpleie Immersion of Stem and Bulb . — ^The aver- 
age height of ammonia necessary to keep the toluene thread in 
the stem cooled was 10.3 cm. To correct for this excess pres- 
sure, 0.14° was subtracted from the final result, reduced to 760 
mm [10.3 X 0.68 X 0.028/13.6 = 0.14]. 

These readings, as well as the ones yet to be described, 
were taken at five to ten minute intervals. Omitting the first 
result, where one would expect the liquid to be superheated, the 
average of the corrected readings is —33.23°. The barometric 
pressure was 762.6 mm at 0°. The boiling point, corrected tp 
760 mm, is — ^33.30°, but the ammonia is boiling under an 
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additional head of 10.3 cm of ammonin ( >» 10.3 X 0.68/13.6 
or 5.2 mm mercury). The true normal boiling point is ac- 
cordingly — ^33.44®. 


Current, amps.‘ 

0 

0.5 

1.0 

1 1.5 

2.0 

Energy, watts‘ 


i 




approx. 

0 

0.1 

0.4 

0.8 

1.4 

21714, readings 

—32.82° 

—32.89° 

—32.89° 

—32.90° 

—32.90° 

Temp., corrected 

—33.16° 

—33.23° 

—33.23° 

-33.24° 

-33.24° 

Current, amps. 

2.0 

3.0 




Energy, watts 

1.4 

3.2 




21714, readings 

—32.86° 

—32.88° 




Temp., corrected 

—33.20° 

—33.22° 





It was noticed that as the ammonia boiled away exposing 
increasing lengths of stem, the temperature changed very 
little, until a considerable amount had evajwrated. This 
perhaps occurred because the temperature rise due to increas- 
ing uncooled steam was counteracted somewhat at first by 
the fall due to decreasing height of liquid. The latter amounts 
to a lowering of the pressure. This same phenomenon was 
noticed by Gibbs.® 

2. With Cottrell Tube and Vacuum-jacketed Vessel . — 
(a) Average pressure (mean of three readings) 756.5 mm at 
24°. Average boiling point (21713) — 33.54° (mean of seven 
readings taken in the course of an hour). Temperature varia- 
tion, 0.10°. Currents, 0-4 amperes [0-5.6 watts) the boiling 
point, corrected to 760 mm, is — -33.36°. 

In this and following experiments with the Cottrell tube, 
a few garnets were placed in the vessel to aid the formation of 
bubbles. (6) In this instance, the temperature variation was 
0.04°. The following data were recorded: 


1 The lamps used took 0.55, 0.63, 0.50, 1.0 and 1.8 amperes current. 
Approximately, the first three took half an ampere, the fourth one ampere, and 
the fifth two amperes. The energy expenditures were foimd by calculation, 
knowing the current taken by the coil and its resistance (0.36 ohm under the 
experimental conditions). 

* hoc. dt. 
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Ciurent 

(approx.) 

2 

3 

3 

1 

3.5 

4 

Energy, 

watts 

(approx.) 

1.4 

3.2 

3.2 

4.3 

5.6 

Temp, ob- 
served 
21713 

— 33.56“ 

—33.58“ 

—33.59“ 

—33.57“ 

—33.56“ 

Temp., cor- 
rected 

same 






Corrected barometric pressure (0°) 754.2 mm. 
Boiliug point, corrected to 760 mm — 33 . 41 


The pumping was in all cases excellent. The use of the 
Cottrell tube eliminates the necessity of correction for the 
depth of immersion of the thermometer. 

(c) Ammonia was distilled directly from the stock cylinder 
containing sodium into the glass container, from which it was 
transferred to the boiling vessel. 


Amps. 

Approx, energy. 

j P. T. R. 21714 

1 Temperature 


watts 

readings 

1 corrected 

2 

1.4 

—33.38“ 

—33.72“ 

4 

5.6 

—33.40“ 

—33.74“ 


Barometric pressure 749.1 mm (corr.). 

Boiling point, corrected to 760 mm. — 33.43°. 


j. With Single-walled and with Air-jacketed, Douhle-walled 
Vessels. — (o) The energy was obtained from a small multiple 
cell storage battery. The maximum energy expenditure in 
the coil under the experimental conditions (five cells connected) 
probably lies between 1.5 and 2.5 watts. Adjustable internal 


Cells connected 

0 

4 

4 

4 

5 

21714, readings 

—32.50“ 

—32.70“ 

—32.66“ 

—32.07“ 

—32.80“ 

Temperature, cor- 
rected 

—32.86“ 

—33.06“ 

—33.02“ 

—33,06“ 

-33.16“ 

Cells cotmected 

5 

5 

0 

0 


21714, readings 

—32.80“ 

—32.75“ 

—32.60“ 

—32.64“ 


Temperature, cor- 
rected 

—33.16“ 

—33.11“ 

—32.96“ 

—33.00“ 



Barometer, corrected, 754.2 mm. 

Average height of ammonia above the center of thermometer bulb, 
11.6cm. 
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and external radiation screens were used, but no definite 
conclusions could be drawn from the results as to their 
effect. 

Omitting the results with zero current, which are obviously 
not reliable, the average boiling point at 754.2 mm. is — ^33.10°. 
However, the ammonia is boiling under an additional pressure 
due to 11.6 cm of liquid (equivalent to 5.8 mm of mercury). 
The boiling point corrected to 760 mm is then — 33.10°. 

The boiling in all cases was vigorous. It is evident that 
with zero current the liquid is considerably superheated, 
although boiling. The lowering of the boiling point observed 
with the first applications of energy through the coil is very 
noticeable. 

(b) The terminals of the heating coil* were attached through 
a variable lamp resistance to a 110 volt circuit. The Cottrell 
tube was used, and this, together with the larger expenditure 
of energy lowered the average boiling point found in (o) 0.2°. 


Amps, (approx.) 

2 

3.5 

3.5 

2 

21714, readings 

—33.41° 

—33.45° 

—33.46° 

—33.44° 

Temperature, corrected 

—33.41° 

—33.45° 

—33.46° 

—33.44“ 


Barometer, 753.6 mm at 0°. 

Boiling point, corrected to 760 mm — 33.26°. 

The Cottrell tube does not entirely prevent superheating 
under these conditions. 

(c) This determination was run concurrently with one in 
the vacuum-jacketed vessel (2,5). The two samples of ammonia 
were distilled in succession from the small steel cylinder, and 
so were as nearly identical as possible. The single-walled lube 
was used with an inner platinum radiation screen. No. 21783 
indicated an average temperature of — 33.23° at a pressure of 
754.2 mm (corr.). The average depth of immersion was 7.5 
cm. The boiling point, corrected to 760 mm is — ^33.17°. 
The results obtained by boiling the ammonia in an air-jacketed 
(double-walled) tube with no internal application of energy 
were unsatisfactory, in spite of the use of garnets. The 

^ Rcsistqmce not determined, but not far from 0.4 ohm. 
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boiling, although good, was not as vigorous as with the single- 
walled tube. With thermometer 21713 the normal boiling 
point was found to be — 33.10°. The Cottrell tube lowered 
this to — ^33.19. Its effect in promoting equilibrium between 
liquid and vapor phases is readily seen. 


Table 1 


Remarks 

Normal boiling points 
observed 

Mean 

Single-walled boiling tube: 

(A) No internal supply of 
energy 

—32.94° 

—32.94° 

(B) Energy supplied inter- 
nally 

—33.10°, —33.17° 

—33.14° 

(C) With Cottrell tube and 
internal supply of energy 

—33.26° 

—33.26° 

Air-jacketed {double-walled) 

tube: 

(A) No internal supply of 
energy 

—33.10° 

t 

—33.10° 

(B) Same, but with Cottrell 
tube 

—33.19° 

—33.19° 

Silvered Vacuum- jacketed Ves- 
sel: 

Energy supplied inter- 
nally 

—33.44° 

—33.44° 

Same, but with Cottrell 
tube 

—33.41°,— 33.36°,— 33.43° 

—33.40° 


The average of the four latter reliable values obtained with the 
vacuum- jacketed tube is — 33.41° =*= 0.1°. 


Sulftir Dioxide 

Preparation . — Sulfur dioxide obtained from a small 
cylinder of the commercial liquid, was passed successively 
through wash bottles containing concentrated sulfuric acid, 
water, through calcium chloride and phosphorus pentoxide 
tubes, and was finally condensed in a glass bulb provided with 
a siphon. Introduction into the vacuum-jacketed boiling tube 
was carried out as described. 
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Measarements of tlie BolUngr Point 


(a) With Cottrell tube, unsilvered vacuum-jacket^ vessel. 


Amps. 

Approx, eniergy, 
watts 

No. 1, readings 

Temperature corrected 

2 

1.4 

—10.10° 

—10.10° 

3.5 

4.3 

—10.10® 

—10.10° 


Barometer, corr., 757.7 mm. 

Boiling point, corrected to 760 mm, — 10.02®. 

(&) Vacuum- jacketed vessel, without Cottrell Tube. 

No corrections were made for depth of immersion, but 
this was probably small, for the — 10® division was close to 
the bulb. The normal boiling points obtained were — 10.03® 
and — 10.01®, the maximum temperature variation being 
0.02° and 0.03® diudng the two series. 


Nitrous Oxide 

Nitrous oxide from a cylinder of the commerical liquid was 



passed through a 75 cm soda 
lime tube, two phosphorus 
pentoxide tubes, and a tightly 
packed glass wool filter be- 
fore condensation in the appa- 
ratus illustrated (Fig. 4). As 
liquid air was used to con- 
dense the nitrous oxide, it was 
necessary to attach a soda lime 
tube to A to prevent entrance 
of moisture or carbon dioxide 
from the atmosphere. When 
the solid was melted the con- 
densation tube was inverted, 
and liquid blown through B 
into the boiling vessel. The 
usual precautions were ob- 
served. 
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Approx. 

energy, 

watts 


No. 21731 

No. 2 

Temperature 

corrected 

1 

0 

0 

0 


—72.5° 

—71.7° 

2 

0 

0 

7.5 

—89.4° 


—89.4° 

3 

2 

1.4 

7.0 

—89.4° 


—89.4° 

4 

4 

5.6 

6.0 

—89.4° 


—89.4° 

5 

2 

1.4 

4.5 

—89.4° 


—89.4° 

6 

2 

1.4 

5.0 


—90.7° 

—89.4° 

7 

4 

5.6 

4.6 


—90.7° 

—89.4° 

8 

4 

5.6 

4.3 


—90.7° 

—89.4° 


Barometric pressure 756.2 ram (two observations). 

ITie readings were taken during one and three quarter hours. 


In No. 1, the thermometer bulb was just touching the 
surface of the liquid. The intense superheating of the vapor 
is evident. The Cottrell tube of the size used was entirely 
unsuited for determinations at such low temperatures, although 
with larger boiling vessels and larger Cottrell tubes, there is 
no reason why acciuate results should not be obtained. The 
nitrous oxide was boiling gently with zero current. In Nos. 5. 
and 8 there was about 10° exposed stem, and so these have not 
been considered. The pressure under which boiling occurred 
is 762.1 mm (thermometer 21731) and 760.4 mm (thermom- 
eter 2), adding to the barometric pressure that due to the 
column of liquid above the thermometer bulb. The normal 
boiling point is then — 89.5° (thermometer No. 21731) or 
— 89.4° (thermometer No. 2). 

Diseussion of Results and Comparison with Work of Other 

Investigators 

The following determinations of the boiling point of ammo- 
nia have been made: 
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Observer 

Date 

Temp. 

Pressure 

... _. 

Remarks 

Guyton^ 


—48.75'’ 

700 app. 

Condensation 

Bunsen” 

1839 

—33.7'’ 

749.3 

temperature 
Static vapor pres- 

Faraday® 

1844 

— 49°app. 

700 app. 

sure measure- 
ments 

Static vapor pres- 

Loir and 
Drion* 

1860 

—35.7'’ 

760 

sure measure- 
ments 

In an open vessel 

Regnault® 

1862 

—38.1° 

752 

In an open vessel 

Regnault® 

1862 

—32.6'’ 

760 

Manometric 

Toannis^ 

1893 

—38.2° 

764 


Laden- 
burg® 
Dicker- 
son® 
Lange^® 
Pictet “ 


—35.0° 

—33.0° 

—33.7° 

—33.0° 

760 

760 

760 

760 

Manometric 

De Forc- 
rand^* 

1903 

—32.5° 

760 

In an open vessel 

Gibbs” 

1905 

—33.46° 

760 

Vacuum - jacketed 

BrilP^ 

Davies^® 

1906 

1906 

—33.0° 

—33.1° 

—33.5° 

760 

760 

vessel 

Manometric and 
direct 

Manometric 

Burrell 

and 

Robert- 

son^® 

1915 

—34.6° 

760 

1 

Manometric 

Keyes and 
Brown- 

leei7 

1918 

—33 52 
—33.21° 

760 

Manometric and 

Bureau of 
Stand- 
ards^® 

1921 

—33.35° 

760 

direct 

Manometric and 

Postma^® 

1920 

—33.35° 

760 

direct 

Vapor pressure 

Bergs- 

trom®® 

1919 

—33.4° 

760 

measurement 

Manometric and 

Stock and 
Hen- 
ning*^ 

1921 

—33.35° 

760 

direct 

Manometric 


(For footnotes see next page.) 
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It is impossible to obtain the true boiling point of a liquid 
in an open vessel. The author has in this manner obtained 
temperatures below — 40° with ammonia. 

It has been experimentally shown in this paper that high 
results are obtained with single-walled tubes, even with internal 
application of energy and with garnets to insure more even 
boiling. The variation of the observed boiling point with heat 
supplied is marked. The Cottrell tube may advantageously 
be used in determinations of boiling points in vacuum jacketed 
vessels at least as low as — 33.4°. With the exceptions of the 
measurements of the Bureau of Standards, of Gibbs, and of Keyes 
and Brownlee ( ?) , most of the direct determinations referred to 
were evidently made in single- walled vessels. In a number 
of cases no mention is made of the type of apparatus used. 

The measurements of Gibbs were made with a silvered 
vacuum-jacketed tube, such as described in this article. 
Some of the toluene thermometers he used were also used in 
this investigation. No mention is made of emergent stem, 
although it is stated that corrections were not made for the 


* Ann. Chim, 29, 290. 

2 Pogg. Ann., 46, 97 (1839). 

* Ann. Chim. Phys., (3) 15, 227. 

^ Bull. Soc. chim. Paris, 1860, 184. 

* Jahresber. iiber Fort. Chem., 1863, 70. 

« M6m. de PAcad., 26, 535 (1862). 

' Comptes rendus, 115, 820 (1893). 

8 Quoted in * **Verflussigtes Ammoniak als Losungsmittel/' J. Bronn, 
Berlin (1905). 

® Probably quoted Pictet. 

10 Probably quoted Bunsen. 

11 Arch. Geneve, 13, 212. 

1® Ann. Chim. Phys., [7] 28, 637 (1903). 

** Loc. cit. 

i< Ann. Phys,, [4] 21, 170 (1906). 

Proc. Roy. Soc., 78, 28, 42. 

10 Jour. Am. Chem. Soc., 37, 2482 (1915). 

Ibid., 40, 39 (1918). 

»» Ibid., 42, 206. 

Rec. Trav. chim. Pays-Bas., 39, 515 (1920). 

*0 Loc. cit. 

*1 Zeit. Physik, 4, 226 (1921). 
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depth of immersion of the thermomet^. The average of all 
measurements is —33.46“ (six readings). The maximum 
temperature variation is 0.21 The Cottrell tube gives more 
consistent results, for the variation among the three described 
in this paper was only 0.07“. 

Keyes and Brownlee found the normal boiling point by 
manometric means to be — ^33.25° and by direct determi- 
nations to be —33.21“ (most probable value). The boiling 
point was observed to be a function of the heating current, 
and ranged from — 33.13“ with zero current, to — 33.70“ with 
four amperes. The actual energy expenditures are uncertain. 
The temperature was measured with a calibrated Beckmann 
thermometer. 

The vapor pressure measurements of the Bureau of Stand- 
ards are referred to in a preceding paper.* The normal 
boiling point determined by manometric means is —33.354“. 
In addition, seventeen observations were made of the boiling 
point, using a method analogous to the ordinary determination 
of steam points. The mean boiling point at 760 mm. was found 
to be — 33.341 “ and the individual values are in agreement to 
within a few hundredths of a degree. This method would un- 
doubtedly give more accurate results than the determination 
in a small vacuum-jacketed tube but possesses the disadvantage 
of requiring an external bath to cool the apparatus. 

Henning and Stock by manometric means found the nor- 
mal boiling point to be — ^33.35“. Postma, in the course of an 
investigation of the system ammonia-water likewise obtained 
this value. 

Other results are discussed in a previous paper.* 

Sulfhr Dioxide 

The following determinations of the boiling point of sulfur 
dioxide have been made: 


^I<oc. cit, 
* Loc. cit. 
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Name 

Date 

Boiling point 

Pressure, 

mm. 

Remarks 

Bunsen* 

1839 

—10.5° 

744 

Manometric? 

Drion* 


about — 8° 

760 


Andr^eff* 


—10.3® 

741 


Andrdeff* 


—9.9° 

754 


Faraday* 


about — 10° 

760 


Bltimcke* 

1888 

—10° 

760 

Manometric 

Regnault* 

1863 

—10.08° 

760 

Manometric 

Pictet* 


—10.0° 

760 

Manometric 

Gibbs* 

1905 

—10.09° 

760 ! 

Direct 

Burrell and 





Robertson* 

1915 

—11.0° 

760 

Manometric 

Henning 





and Stock*® 

1921 

—9.99° 

760 

Manometric 

Bergstrom” 

1919 

—10.05° 

760 

Manometric 



—10.02“ 

760 

Direct 


Gibbs used the same apparatus as the author. With the 
exception of Drion and Burrell and Robertson, the normal 
boiling points given in the preceding table are all very close to 
— 10 . 0 °. 


Nitrous Oxide 

The following measurements of the boiling point have 
been described: 

‘ Fogg. Ann., 46, 97. 

* Ann. Chim. Phys., (3) 56, €. 

* Ann. Chim. Phann., 110, 1. 

‘ Phil. Trans., 135, 1, 165. 

‘ Wied. Ann., 34, 10. 

« M4m. de I’Acad., 1863, 535. 

^ Arch, de Geneve, 13, 212. 

" I/K. cit. 

* Jour. Am. Chem. Soc., 37, 2691 (1916) 

“ Loc. cit. 

" tioc. dt. 
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Observer 

Date 

Temperature 

Pressure, 

mm. 

Remarks 

Faraday* ^ 

1845 

— 87.2° 

760 

Alcohol thermom- 

Regnault* 

1863 

—87.9° 

767.3 

eters manometric 
Hydrogen thermom- 

Calilletet* 


—92° 

760 

eter 

Manometric 

Ramsay and 
Shields^ 

1893 

—89.8° 

760 

Direct, in Dewar 

Wills® 

1874 

—92° 

760 

tube vessel 

Grunmach® 

1904 

—89.4° 

741.1 

Direct 

Cailletet and 
Colardeau^ 

1888 

—88.8° 

760 

Hydrogen thermom- 

Burrell® 

1915 

—88.7° 

—88.9° 

—88.7° 

1 

760 

eter, resistance ther- 
mometer, platinum 
calorimeter 

Direct? 

Manometric 

Bergstrom 

1919 

—89.5° 

760 

Direct 


Faraday and Wills used alcohol thermometers calibrated 
above 0° and graduated in equal divisions below without 
calibration. The results are incorrect, as the apparent coef- 
ficient of alcohol in glass is not constant. Wills states that 
“the boiling point (normal) usually said to be — 88°, is, ac- 
cording to my experiments — 92°, but I would give more 
credence to the lower figure.” 

Cailletet and Colardeau, aside from the mention of the 
use of a long Dewar tube vessel, say nothing of their apparatus. 
A thermocouple, used in another part of their investigation, 
was in practically perfect agreement with the hydrogen and 
resistance thermometers. The thermocouple was calibrated at 
-t- 100.0°, and at the normal boiling point of methyl chloride, 

* Phil. Trans., 135, 1, 155. 

* Ann. Chim. Phys., |31 26, 259. 

® Arch, de Geneve, 66, 16. 

* Jour. Chem, Soc., 63, 835, 

‘ Ibid., 27, 21 (1874). 

^ Sitzungsber Akad. Wiss„ Berlin., 1904, 1198. 

^ Comptes rendus, 106, 1493 (1888). 

« Jour. Am. Chem. Soc., 37, 2691 (1915). 
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T;iiiich he assumed to be — 23.4°. Gibbs* and Regnault® 
found this to be — 24.09° and — 23.73°, respectively. 

Ramsay and Shields made three direct determinations 
upon fairly large quantities of nitrous oxide contained in a 
Dewar tube vessel. A hydrogen thermometer was immersed in 
the liquid, and rapid boiling was maintained during the obser- 
vations to avoid superheating. It is not clear whether this 
was accomplished by internal application of energy or not. 

Grtinmach made a direct determination in a Dewar tube 
container, using a pentane thermometer calibrated by the 
Physikalische Technische Reichsanstalt. The description is 
meager. 

Burrell and Robertson’s results may be subject to an error 
similar to the one noticed in the case of ammonia and sulfur 
dioxide. His results when plotted by the method of Ramsay 
and Young give a fair straight line (for the solid). His triple 
point (approximately — 90.6°) is twelve degrees higher than 
the freezing point found by Ramsay and Shields ( — 102.3°). 

Summary 

(1) A comparison was made of single-walled and vacuum- 
jacketed boiling vessels. A modification of the apparatus de- 
scribed by Cottrell for the determination of the boiling points 
of aqueous solutions was used during part of the work. 

(2) It was found that (a) The boiling point of ammonia, 
determined in a single-walled vessel, is about 0.2 ° high, even with 
internal application of energy. The Cottrell tube will partially 
lessen this error, (b) Boiling points may be determined ac- 
curately in a vacuum-jacketed vessel, probably as low as — 90°. 
A correction should be applied for the depth of immersion of the 
thermometer bulb. There should be no uncooled stem. 
The Cottrell apparatus can be used successfully at tempera- 
tures at least as low as — 33.4°. There is no reason why, 
with suitable apparatus, it could not be used at much lower 
temperatures. Better equilibrium between vapor and liquid is 

^ Loc. cit. 

* M€m, de I’Acad., 18W, 535. 



894 


F. W. Bergstrom 
andimceitaintmpemture<K)n^ 

A SMdllcr (jUQjitity of liquid is generally required. 

(3) The following boiling points were detennined: 
Ammonia ^33.41® ± 0.1®. Sulfur dioxide — 10 02® =»= 
0 . 1 . Nitrous oxide —89.6® 0 . 2 ®. 

In conclusion, the writer wishes to express his thanks to 
Professor Franklin, at whose suggestion, and under whose di- 
rection this work was undertaken. 

Stanford Univ, 

Calif. 
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Chemical Principles. By Arthur A. Noyes and Miles S, Sherrill, Revised 
ediHon. 22 X IS cm.; pp. xviii -f 310. New York: The Macmillan Co.^ 1922. 
Price: $4.00. — In the preface the authors state that "the purpose of the course 
is to give students an intimate knowledge of fundamental chemical principles 
and a training in logical, scientific thinking, such as will enable them to attack 
effectively the practical problems arising in their subsequent educational or 
professional work in any of the branches of chemistry or related sciences. De- 
scriptive text-books of physical chemistry afford a general survey of chemical 
laws and theories which may suffice for the purposes of students who are not 
preparing for a professional career on the educational, research, or industrial 
sides of chemistry, but they do not give that intensive training which is essential 
for pursuing successfully more specialized courses of scientific study or for apply- 
ing chemical principles to industrial problems. No one regards a course of lec- 
tures on the principles of mathematics as a suitable method of giving beginners 
the ability to handle that science, and with scarcely more reason can descriptive 
courses on physical chemistry be expected to afford a working knowledge of chem- 
ical principles in their quantitative aspects. Only by constantly applying the 
principles to concrete problems will the student acquire such a knowledge and 
the power to use it in new cases. The course of instruction, as carried out by the 
authors, consists of class-room exercises, mainly of the recitation type, given to 
sections of twenty to thirty students. 

The book is divided into three parts. The first deals with the atomic, molec- 
ular, and ionic theories and the properties of substances directly related to 
these theories. The headings of the chapters are ; the composition of substances 
and the atomic theory; the molal properties of gases and the molecular and kinetic 
theories; the molal properties of solutions and the molecular theory; the atomic 
properties of solid substances; the electrolytic behavior of solutions and the ionic 
theory. The second part is devoted to the rate and equilibrium of chemical 
changes from mass action and phase view-points, the sub-headings being: the 
rate of chemical changes; the equilibrium of chemical changes at constant tem- 
perature; the equilibrium of chemical systems in relation to the phases present. 
In the third part the authors discuss the energy effects attending chemical changes, 
and the equilibrium of chemical changes in relation to these effects. The 
chapters in this section are entitled: the production of heat by chemical changes; 
the production of work by isothermal chemical changes in relation to their 
equilibrium conditions; the production of work from isothermal changes by 
^ectrochemical processes; the effect of temperature on the work producible by 
isothermal chemical changes and on their equilibrium conditions; systemization 
of free-energy values. 

There are some points which the reviewer would like to see changed in the 
next edition. On p. 57 and elsewhere the authors give the modified Raoult's 
law and do not give the van't Hoff formula, although the latter is the theoretical 
one. It is very much of a question whether one is justified in saying, p. 68 , 
that ^'fundamentally, Raoult's law expresses the tendency of the solvent to 
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escape from the solution^ and it should therefore be independent of the equation 
of state of the vapor.*' In the diagram on p. 76 for the distribution of a solute 
between two non-miscible liquids^ the two liquids have apparently the same 
density. The proof is unsound because the system is not theoretically in equili- 
brium. On p. 84 is the statement that ''certain animal membranes, such as 
parchment or bladder, are permeable for water, but not for certain solute^ of 
high molecular weight (the so-called colloids).** Parchment is not an animal 
membrane, colloids are not solutes, and they do not necessarily have high molec- 
ular weights. It should have been stated, on p. 176, that the diagram of sulphur 
ignores the existence of a second liquid modification in the melt. Another illus- 
tration should have been taken or some reference should have been made to the 
work of Alexander Smith. 

The influence of Nemst shows itself in the remarks on the phase rule, pp. 
181, 203. "The phase rule furnishes a basis for the classification of different 
types of equilibrium. It also enables the number of phases that can exist under 
specified conditions to be predicted. The usefulness of the phase rule itself is, 
however, often exaggerated The preceding problems illustrate the char- 

acteristic differences between the conclusions to be drawn from the phase rule 
and from the mass-action law. The phase rule is qualitative, its application 
presupposes no special knowledge beyond that of the number of components 
and phases, and it is applicable without any limitation of concentration. The 
mass-action law is quantitative, its application presupposes knowledge of the 
molecular species present, and, if numerical values are to be computed, also of 
their dissociation-constants; and it is applicable in exact form only to solutions 
or gases at small concentrations.’* 

There seems to be a feeling that the phase rule and the mass law are antago- 
nistic in some mysterious way, whereas the phase rule gives the broad, general, 
qualitative classification, while the mass law supplements this by giving the 
quantitative relations in and between the phases. If one knows where the rail- 
road tracks are (phase rule), one can predict with absolute accuracy where the 
trains will run, and, in the case of a single-track road, one can point out the only 
places where trains going in the opposite direction can pass; but one cannot, 
unless one is a Sherlock Holmes, tell the number of trains per day or the speed 
at which they travel. If one has the latest time-table (mass law) one knows 
a lot of quantitative data, such as the time of arrival and departure of trains, 
the equipment, etc. One can also deduce the mean speed (reaction velocity), 
the length of run made by the dining car, etc. If the locomotive cannot make 
steam owing to cold weather and therefore behaves like an imperfect gas, the 
time-table does not hold. The time-table, like the mass law, only holds accu- 
rately under favorable conditions. Nobody ever di.scusses the relative merits 
of tracks and time-tables and it is not clear to the reviewer why the kindred 
problem of phase rule and mass law should have such a fatal fascination for some 
people. 

On p. 218 is the statement that "the heat of dilution of substances in solu- 
tion is also important; for it enables the heat of formation of a solution of one 
concentration to be calculated from that of a solution of another concentration, 
and thus enables heats of reaction to be calculated at different concentrations.** 
This seems rather an anthropomorphic view-point. A reference to the change 
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of the calculated osmotic pressure with the heat of dilution would have been 
helpful to the student. 

On p. 13 the volume of one mol of a perfect gas at 20® and one atmosphere 
is given as approximately twenty-four liters, presumably a misprint for 22.4. 

The reviewer has gone into what seem to him to be slips in considerable 
detail because the standing of the senior author is such that many of these state- 
ments might well be accepted by the student solely on his authority, a very 
unscientific proceeding. One of the penalties of greatness is that it becomes 
increasingly necessary to watch one’s step. 

As would be expected, the book is written very clearly. The question of 
electrolytic dissociation is a case in point, pp. 124, 125, 153, 109-172. The 
problems have been selected judiciously, and anybody, who works through 
them, will acquire a great ability in doing numerical calculations. Whether 
this will help the student in “applying chemical principles to industrial problems” 
is quite another matter. The reviewer doubts whether many industrial prob- 
lems can be solved by means of quantitative calculations. He doubts whether 
the quantitative theory of dilute aqueous solutions is applicable in anything more 
than an occasional case. The reviewer wonders whether short qualitative prob- 
lems in research would not be better for the students than this intensive drill. 
If that is out of the question, the reviewer would prefer an advanced course of 
lectures, laying special stress on the shortcomings in our present theories. The 
proof of the pudding is always in the eating and this book seems to have stood 
the test. Everybody must be grateful to the authors for putting squarely before 
us one solution of the educational problem, whether we are willing to accept it 
as the best solution or not. Wilder D, Bancroft 

Molecular Diffraction of Light. By C. V. Raman. 22 X 14 cm.; pp. x 
+ jojj. Calcutta: Calcutta University Press, iq22. — This small volume takes 
up “the general theory of the molecular scattering of light in all refractive media, 
including in a comprehensive survey the cases of gases, vapours, liquids, crystals, 
and amorphous solids.” The chapters are entitled: fundamental principles; 
scattering of light by gases; atmospheric scattering and twilight phenomena, 
molecular scattering in liquids; the colour of the sea and the albedo of the earth; 
scattering of light in crystals; scattering of light in amorphous solids; the Doppler 
effect in molecular scattering; molecular diffraction and the quantum theory 
of light. 

When accounting for the blue of the sky by the scattering of light by the 
molecules of the air Rayleigh postulated that the phases of the waves scattered 
laterally by the individual molecules are absolutely at random, so that their 
energy effects are additive. “The foregoing discussion makes two points clear. 
The validity of the principle of random phase depends on the conditions being 
such that the compressibility of the medium is given with sufficient accuracy by 
Boyle’s law. Secondly, the ultimate justification of the principle rests on the 
complete non-uniformity in the spatial distribution of the molecules in so far as 
very small volume elements are concerned. As we shall see later on, it is pre- 
cisely these factors, namely, the compressibility of the medium and the non- 
conformity of the spatial distribution of the molecules, which enter into the general 
theory of light-scattering developed according to the principles laid down by 
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Kinstein and Smoluchowski, and winch, as has been pointed (mt by these writers, 
in the case of gases obeying Boyle’s law leads to results substantiatly identical 
with those obt^ed from Rayleigh’s formula. It is important therefore to 
notice that in respect of gases at any rate, the special theory developed by Ray^ 
leigh and the more general theory of Einstein and Smoluchowski rest on exactly 
the same logical bases and differ only in the detailed mode of cakulatimi of the 
intensity of the light scattered,” p. 12. 

The scattering of light in saturated ether vapor instead of in air is directly 
proportional to the square of the refractivity of the ether, p. 48. 

In the first paper on the subject, Lord Rayleigh emphasized the fact that 
his theory of molecular scattering is not applicable to the case of highly con- 
densed media such as dense vapours, liquids, and solids because the molecules 
in them possess only a greatly restricted freedom of movement and their dis- 
tribution cannot therefore be regarded as a simple random arrangement. Ac- 
tually Strutt has found that liquid ether scatters a great deal less light than the 
vaxK>r in proportion to the rdative densities. 

The author considers that the blue color of water is due chiefly to light scat- 
tered by diffraction, ”the selective absorption of the water only helping to make 
it a fuller hue,” p. 75. 

On p. 95 the author states: ”In the year 1905, Einstein put forward the hy- 
pothesis that the energy of a beam of light is not distributed continuously in space 
but that it consists of a finite number of localized indivisible energy-bundles 
or "quanta” capable of being absorbed or emitted only as wholes. The theory 
had some notable successes to its credit, especially the prediction of the photo- 
electric equation and the explanation of the phenomena of ionization of gases 
by X-rays. Nevertheless it has been fdt that very serious difficulties stand in 
the way of its acceptance. Maxwell’s electro-magnetic theory conceives the 
energy of light as distributed in a continuous manner through space and offers 
a satisfactory explanation of whole groups of phenomena, the mere existence of 
some of which, espedally those dassed under the heading of interference and 
diffraction, seems very difficult to reconcile with the hypothesis of light-quanta. 
The tendency has therefore been to regard the propagation of light in space as 
determined by Maxwell’s equations, but that these equations for some reason 
or other fail when we have to deal with the emission or absorption of energy from 
atoms or molecules. The discontinuity is thus conceived to be limited to the 
act of emission or the act of absorption or of both. Historically, the quantum 
hypothesis had its origin in the derivation of Planck’s radiation formula, and 
an assumption that the discontinuity occurs only in emission is apparently suffi- 
cient for that limited purpose. Hence, though Planck’s hypothesis of quantum 
emission, reinforced as it has been by the success of Bohr’s theory of line-spectra, 
has passed into general acceptance, Einstein’s idea of light-quanta has apparently 
been regarded as tmnecessarily revolutionary in character. This feeling has 
perhaps been strengthened by the considerable degree of success which has at- 
tended the use of the "correspondence-principle” recently introduced by Bohr 
in which an attempt is made to effect a reconciliation, limited though it be, be- 
tween Maxwell’s theory and the quantum theory of emission of light. 

"If, however, we view the matter from a purely philosophic standpoint, 
Einstein’s original conception of the discontinuous nature of light itself has much 
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to recommend it. It fits in with the assumed discontinuous character of the 
emission and absorption of energy as part of a consistent and homogeneous theory, 
whereas the idea that emission and absorption are discontinuous while the propa- 
gation of light itself is continuous belongs to the class which Poincare has de- 
scribed as * ‘hybrid hypotheses.” Such hybrid hypotheses may serve temporarily 
as useful planks to bridge gaps in existing knowledge, but there is little doubt 
that they must ultimately make way for a more consistent system of thought. 
Historically, Maxwell’s theory is the embodiment of the belief of nineteenth- 
century physicists in the validity of Newtonian dynamics as applied to physical 
phenomena in their ultimate analysis, and especially as applied to phenomena 
occurring in the medium which was postulated as pervading all space. The 
belief in the validity of Newtonian dynamics as applied to the ultimate particles 
of matter has however received a rude shock from the success of the quantum 
theory as applied to the theory of specific heats, and there seems no particular 
reason why we should necessarily cling to Newtonian dynamics in constructing 
the mathematical framework of field-equations which form the kernel of Max- 
well’s theory. Rather, to be consistent, it is necessary that the field-equations 
should be modified so as to introduce the concept of the quantum of action. 
In other words, the electrical and magnetic circuits should be conceived not as 
continuously distributed in the field but as discrete units each representing a 
quantum of action, and possessing an independent existence, somewhat in the 
manner of vortex-rings in a perfect fiuid. Interference and diffraction phe- 
nomena may then be conceived of as arising from the approach or separation, 
i. e., crinkling of the mean “lines of flow” of energy in the field. 

“Bohr’s theory has made the idea familiar that the emission or absorption 
of light from the atom or the expulsion of an electron involves something in the 
nature of a catastrophic change in the atom itself. If, therefore, we wish to look 
for some experimental support for Einstein’s conception that light itself consists 
of quantum units, we must consider those optical phenomena in which obviously 
no such catastrophic change in the atoms or molecules is involved. The molec- 
ular diflraction or scattering of light is obviously such a phenomenon, which 
stands in the most intimate relationship with the general theory of the propaga- 
tion, reflection, refraction and dispersion of light. If we found that the phe- 
nomena of molecular scattering of light are completely and satisfactorily explained 
on the basis of the classical electromagnetic theory, the case against Einstein’s 
conception would be enormously strengthened. If, on the other hand we find 
that the classical theory based on the idea of continuous wave-propagation breaks 
down and fails to explain the observed facts, we should naturally feel called upon 
to revise our ideas regarding the nature of light itself.” 

Wilder D, Bancroft 

Study Questions in Elementary Organic Chemistry. By Alexander 
Lowy and Thomas B. Downey, 23 X J 5 cm; pp. vi *+• pi. New York: D. Van 
Nostrand Company^ jq 2I, Price: $1,00 . — In the preface the authors say that 
“the study questions contained in this pamphlet are used in connection with the 
elementary organic chemistry course given at the University of Pittsburgh to 
students in the Schools of Chemistry, Medicine, Engineering, Mines, College, 
and Education. This method has proven successful in our own institution in 
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aiding the students to master the subject matter more tiiorottghly; and, with 
this object in view, we offer the pamphlet for the benefit of students in other 
institutions.’* 

When the reviewer was an undergraduate, the professor of mathematics 
handed out a long list of questions on calculus and told us that the examination 
questions would be taken frpm that list. **Study questions” seems to be a 
euphemism for ’’examination questions.” The questions are grouped under the 
following headings; introductory part; saturated paraffins; olefines; diolefines; 
general questions on paraffin hydrocarbons; halogen derivatives of hydrocar- 
bons; monatomic alcohols; polyatomic and unsaturated alcohols; ethers; alde> 
hydes and ketones; monobasic acids; polybasic acids; salts; acid anhydrides; 
esters of inorganic and organic acids, fats, oils, and waxes; acyl halides; acid 
amides; halogen substitution products of acids; hydroxy-acids; amino-acids; 
aldehyde acids and ketone-acids; carbohydrates; amines; nitro and nitroso 
compounds; cyanogen compounds, alkyl cyanides, alkyl isocyanides, cyanic 
acid, and related compounds; sulphur, phosphorus, and arsenic compounds; 
organo-metallic compounds; uric acid group; introductory questions on cyclic 
compotmds; aromatic hydrocarbons; halogen derivatives of aromatic hydro- 
carbons; sulfonic acids; nitro compounds; amines and other reduction products 
of nitro compounds; diazo compotmds; aromatic alcohols, phenols and ethers; 
aldehydes; ketones; quinones; acids; derivatives of benzene 'With two or more 
unlike groups; dyes; the terpenes and camphors; heterocyclic compounds; 
alkaloids; proteins. Wilder D. Bancroft 

La throne einsteinienne de la gravitation; essai de vulgarisation de la theorie. 
By Gustav Mie. Translated by J, Rossignol. iq X I2 cm.; pp. xi ii8. Paris: 
J. Hermann t ig22. Price: 4,50 francs. — Perhaps the most interesting thing 
about this volume at the present time is that it is an authorized translation from 
the German. In the summary, p. 103, the author says: ’’Throughout this book 
I have taken the view-point of the physicist, who makes observations and measure- 
ments. It was not possible to indicate the mathematical depths of the theory 
because mathematics has its own language just as music does. Listening to the 
description of a symphony will not carry us into the heart of the music even 
though an extraordinary musician describes it to us. It is necessary to hear the 
symphony itself. The more carefully one listens to the music, the better one 
grasps its developments and the more deeply the spirit of the work sinks in. 
Similarly one does not seize the real spirit of a mathematical theory unless one 
plunges into the mathematical details 

’’Whoever analyzes carefully the theory of Einstein can scarcely avoid a 
peculiar impression. Behind the universe which we detect by physical methods, 
and which we can only describe in terms of rigid and stem laws, we seem to get 
a glimpse of a fine and delicate gauze of mathematical ideas, which have their 
own laws and which, up to a certain point, are independent of our human con- 
tacts. I have tried to show that the new developments of physics cause us to 
recognize everywhere a profound principle of unity which we call the ether. 
The physics of the ether forms the basis of all the apparently complicated phe- 
nomena and lets us perceive, through this complication, a mathematically mar- 
velous clearness and harmony.” Wilder D. Bancroft 
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